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PREFACE

The California Energy Commission Public Interest Energy Research (PIER) Program supports
public interest energy research and development that will help improve the quality of life in
California by bringing environmentally safe, affordable, and reliable energy services and
products to the marketplace.

The PIER Program conducts public interest research, development, and demonstration (RD&D)
projects to benefit California.

The PIER Program strives to conduct the most promising public interest energy research by
partnering with RD&D entities, including individuals, businesses, utilities, and public or
private research institutions.

PIER funding efforts are focused on the following RD&D program areas:
e Buildings End-Use Energy Efficiency
e Energy Innovations Small Grants
¢ Energy-Related Environmental Research
e Energy Systems Integration
e Environmentally Preferred Advanced Generation
e Industrial/Agricultural/Water End-Use Energy Efficiency
e Renewable Energy Technologies

e Transportation

Defining the Pathway to the California Smart Grid of 2020 for Publicly Owned Utilities is the final
report for Contract 500-10-026, conducted by SAIC. The information from this project
contributes to PIER’s Energy Systems Integration Program.

When the source of a table, figure or photo is not otherwise credited, it is the work of the author
of the report.

For more information about the PIER Program, please visit the Energy Commission’s website at
www.energy.ca.gov/research/ or contact the Energy Commission at 916-327-1551.
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ABSTRACT

California’s publicly owned utilities (POUs) are essential providers of electricity, water and
natural gas to consumers. Because these utilities are governed by their locally elected officials,
their first priority is to reflect the interests and concerns of the communities they serve. Like
other utility service providers, local utilities must manage a myriad of complex challenges to
meet the State’s policy objectives including reducing greenhouse gas emissions, increasing the
use of renewable energy, and relying first on energy efficiency, conservation and demand
response to meet increases in energy demand. The evolution of smart grid technologies could
help local utilities to address these issues while meeting their commitments to being low-cost,
reliable, safe, and environmentally sound service providers. This research examines the efforts
of 13 of the state’s 40 local utilities to address the Smart Grid of 2020. Included are discussions
of current plans, future visions, and recommendations for further research to investigate the
potential benefits of smart grid technologies from the POU perspective.

Keywords: Advanced metering infrastructure, cyber security, energy policy, demand response,
distributed generation, distribution automation, smart grid, substation automation, publicly
owned utilities

Please use the following citation for this report:

Science Applications International Corporation, 2011. Defining the Pathway to the 2020
Smart Grid for California’s Publicly Owned Utilities. California Energy Commission.
Publication number: CEC-500-2013-009.
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EXECUTIVE SUMMARY

This research report provides insight into the unique perspective shared among California’s
customer-owned public utilities (POUs) regarding the deployment of smart grid technologies,
whether and how it can help meet state energy policy objectives. To investigate this issue,
several key questions are examined:

1) How does the deployment of smart grid technology help a POU achieve state energy
policy objectives?

2) How are POUs deploying smart grid technologies today?
3) What is the vision of the 2020 Smart Grid from the perspective of POUs?
4) What are the challenges that POU’s face in implementing smart grid technologies?

5) How can the California Energy Commission apply its research to help POUs address
these challenges?

California has a broad range of energy policy objectives that affect the customer-owners of
POUs. The overarching objective of California’s energy policy is to reduce the use of fossil-
based fuels that, when consumed in producing electricity, generate greenhouse gasses (GHG)
that are emitted into the atmosphere. These policies and related regulations and legislation
direct utilities to:

e Reduce energy use by increasing energy efficiency in customer premises and in the grid.

¢ Reduce the use of fossil-fueled energy sources by increasing the use of clean, renewable
energy resources.

e Motivate, and in some instances require, consumers to reduce energy use during peak
consumption periods when energy is most scarce, is most expensive to produce and
deliver, and is generated by the least efficient, highest-GHG emitting sources. Provide
efficient, reliable, secure, and resilient transmission and distribution grids.

In 2007, the federal government enacted the Energy Independence and Security Act of 2007,
Title XIII of which lays the foundation for current interpretations of smart grid terminology. In
Title XIII, a national smart grid policy is enacted to support the modernization of the nation’s
electricity transmission and distribution system to maintain a reliable and secure electricity
infrastructure that can meet future demand growth and to achieve each of the following, which
together characterize a smart grid:

(1) Increased use of digital information and controls technology to improve reliability,
security, and efficiency of the electric grid.

(2) Dynamic optimization of grid operations and resources, with full cyber security.

(3) Deployment and integration of distributed resources and generation, including
renewable resources.



(4) Development and incorporation of demand response, demand-side resources, and
energy-efficient resources.

(5) Deployment of “smart”” technologies (real-time, automated, interactive technologies that
improve the operation of appliances and consumer devices) for metering, communications
concerning grid operations and status, and distribution automation.

(6) Integration of “smart” appliances and consumer devices.

(7) Deployment and integration of advanced electricity storage and peak-shaving
technologies, including plug-in electric and hybrid electric vehicles, and thermal-storage air
conditioning.

(8) Provision to consumers of timely information and control options.

(9) Development of standards for communication and interoperability of appliances and
equipment connected to the electric grid, including the infrastructure serving the grid.

(10) Identification and lowering of unreasonable or unnecessary barriers to adoption of
smart grid technologies, practices, and services.

The American Recovery and Reinvestment Act of 2009 (Recovery Act or ARRA) provides the
U.S. Department of Energy (DOE) with about $4.5 billion to modernize the electric power grid
and to implement Title XIII of the Energy Independence and Security Act of 2007 (EISA), which
focused on the smart grid. The two largest initiatives are the Smart Grid Investment Grant
(SGIG) program and the Smart Grid Demonstration Program (SGDP). SGIG focuses on
deploying existing smart grid technologies, tools, and techniques to improve grid performance.
SGDP explores advanced smart grid and energy storage systems and evaluates performance for
future applications. California’s POUs received federal stimulus grants of $321 million toward
total program costs of $558 million. These smart grid investments equate to about $240 per each
of the 2.4 million customers of the receiving utilities.

In response to the federal direction that states consider in advancing smart grid technologies,
particularly those technologies that could advance energy efficiency, demand response,
renewable energy, and grid reliability and security, in 2009 California enacted Senate Bill 17 into
the Public Utilities Code. The bill establishes as state policy the modernization of the state’s
electrical grid to maintain reliable and secure electrical service with infrastructure that can meet
future growth in demand while achieving several other objectives such as integration of
distributed generation resources, demand-side resources and “smart” technologies. The bill
further required California’s investor-owned and large publicly owned utilities to develop
plans that consider the deployment of smart grid technologies.

Several California POUs submitted plans in response to the requirements of SB 17, describing
how POUs will deploy smart grid technologies to:

¢ Empower customers to use less energy through enhanced awareness of energy use and
price-driven and automatic demand response.



e Integrate significant amounts of distributed renewable energy resources into utility
transmission and distribution systems.

¢ Enhance the efficiency, security, reliability, and resiliency of transmission and
distribution systems through advanced distribution automation systems.

While some of California’s POUs are deploying smart grid technologies, others are not. Many
POUs are waiting to better understand the potential impacts and benefits of smart grid
technologies before making a significant investment in deployment. Lack of customer interest,
high implementation cost, and uncertainty of benefits rank among the top reasons why some
utilities choose to wait to make significant investment in smart grid technologies.

Research Participants

SAIC conducted extensive outreach to engage California’s consumer-owned utility sector in this
research. Of the 41 entities contacted, 16 agreed to participate including Northern California
Power Agency (NCPA), California Municipal Utilities Association (CMUA), and the Southern
California Public Power Authority (SCPPA); Alameda Municipal Power, Anaheim Public
Utilities, Azusa Light Water, Burbank Water Power, Glendale Water Power, Imperial
Irrigation District (IID), Los Angeles Department of Water and Power, City of Palo Alto
Utilities, Pasadena Water and Power, Redding Electric Utility, Riverside Public Utilities,
Sacramento Municipal Utility District (SMUD), and Silicon Valley Power. Participants provided
input on the research method, provided valuable research data, and reviewed and commented
on the research conclusions.

Current State of Smart Grid Deployment by Publicly Owned Utilities

This research focuses on the current and future states of smart grid technology deployment by
publicly owned utilities. Current and future states are defined through a combination of
surveys, interviews, and review of publicly available information regarding utilities” smart grid
technology deployment.

The Carnegie Mellon Software Engineering Institute’s Smart Grid Maturity Model (SGMM)
provides the framework for capturing the current state and year 2020 vision of smart grid
technology deployment. The SGMM identifies six maturity levels in eight domains of smart
grid including:

Domains Maturity Levels
e Strategy Management and e DPioneering
Regulatory e Optimizing
e Organization and Structure e Integrating

e Grid Operations e Initiating

e Technology e Enabling
e Work and Asset Management e Status Quo

e Value Chain Integration
e Customer



e Societal and Environmental

The maturity of smart grid programs is determined by 175 expected characteristics defined in
the SGMM. A survey determines which of these characteristics utilities exhibit in the current
state. The survey results demonstrated that some of the State’s POUs have very high maturity
programs and that most of the participating utilities have low maturity programs. Analysis of
the data indicated that utilities could be classified into three groups based on the maturity of the
smart grid programs — leaders, fast followers, and followers. Leaders are the utilities with the
most advanced level of smart grid plans and deployments. Fast followers were clearly planning
and deploying smart grid technologies but at a slower pace and more limited scale than the
leaders. Followers are utilities that are in the early stages of planning for smart grid technology
deployment with no or very limited deployment. All of the participating utilities had some
level of smart grid planning or deployment of technology.

Figure 1: Overall SGMM Results for Participating Utilities
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Leaders, SMUD and Glendale, generally exhibit a very mature and well-thought-out strategy
based on their analyses that indicate the potential for customer benefits of a level sufficient to
warrant significant investment in smart grid technologies. Both utilities believe that to sustain
an excellent relationship with their customers and to meet their environmental and social
objectives, their best solution is to invest in technologies that provide timely and detailed
information to their customers about the costs and sources of energy that customers consume.



Fast followers like Anaheim, Burbank! and LADWP are investing significantly in smart grid
technologies but generally at a slower pace than the leaders. LADWP is investing more than
$50 million dollars into demonstrating smart grid technologies across all of the studied use
cases. LADWP believes that investments in smart grid could total nearly a billion dollars. Its
prediction is that smart technology costs will decline in the future and the benefits of investing
in the technologies will become clearer. Accordingly, it is investing in those technologies, like
substation automation, that have high levels of cost certainty and low levels of performance
risk. The smart grid programs of both the leaders and fast followers have been accelerated and
expanded as a result of federal stimulus funds that each received, primarily as a result of the
effect that these funds have on reducing implementation costs.

Followers are generally at the “status quo” maturity level. Each of these utilities has
demonstrated that the strategy that best meets the interests of its customers is to invest slowly
in new technologies. Followers will closely watch and learn from the fast followers and leaders
who are deploying technology more rapidly. The research demonstrates that this is a
purposeful strategy and not the result a lack of planning. The City of Palo Alto, for example,
completed a comprehensive strategic smart grid plan, concluding that its best strategy is to wait
for the cost of smart grid technologies to decline, allow standards to mature and stabilize and
follow closely the lessons learned from early adopters before making significant investments.
These utilities generally believe that there is too much risk and uncertainty around the potential
customer benefits to warrant spending capital that could provide more impact if invested in
other activities such as operations and maintenance and infrastructure replacement. Most of
California’s public utilities and most utilities across the country fall into the follower category.

This research investigates the state of deployment of seven key applications of smart grid
technologies. This report refers to these technology applications as “use cases,” including:

1. Substation Automation — Substation automation can help utilities meet energy policy
objectives by allowing bidirectional flow of power through protection and control
devices designed for power flowing only to the customer; by providing a
communications interface for advanced metering and distribution area networks; and by
providing enhanced security and asset management.

2. Advanced Metering — Advanced metering infrastructure networks provide the platform
for enhanced customer service options such as near-real-time energy cost and
consumption information; remote service switching; prepay service; and, real-time
outage notification data.

3. Distributed Energy Resources (DER) - Diverse energy sources located throughout the
distribution system including wind and solar systems, energy storage, fuel cell and
combined heat and power systems can enhance system reliability, improve system
efficiency, and reduce the reliance on fossil-fueled energy sources.

1 SAIC believes that because Burbank’s smart grid program has advanced substantially since it conducted
it Smart Grid Maturity Model assessment, the results of which are used herein, it would likely rank as a
Leader in the context of this analysis if it were to make the assessment today.



4. Demand Response — Customers actively manage their energy consumption in response
to information about their energy usage, rate, and market (events) information.
Customer devices can either autonomously respond to rate/event information initiated
by the utility or can be directly controlled by the utility. Advanced energy and demand
management systems can optimize the dispatch of supply, demand, storage, and
demand response to reduce costs and improve efficiency and reliability.

5. Distribution Automation - Widespread measurement, monitoring, control, and
communications technologies are applied to the distribution system to reduce the extent
and duration of outages, minimize electrical losses, maximize system efficiency, improve
quality of service, and maximize the capacity of distribution system infrastructure.

6. Electric Vehicle Charging — Advanced charging systems allow widespread adoption of
electric vehicle charging by controlling the time of day and rate at which electric vehicles
charge to minimize the cost of charging, minimize the loading on the distribution
system, and, in some cases, deliver energy back to the distribution system if needed for
grid reliability and security.

7. Asset Management — Near-real-time monitoring of electric system equipment on a
wide-scale basis, including transformers, conductors, and protective devices can be used
to improve the maintenance and replacement of equipment, thereby minimizing
operating and maintenance costs while maximizing system reliability.

Table 1: Smart Grid Use Case Applications by California POUs
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California POUs are implementing the seven key smart grid technologies at varying paces and
scales of deployment. All are currently deploying or enabling deployment and integration of
distributed energy resources, primarily customer-owned rooftop solar, and most are also




deploying or expanding the deployment of substation automation. The deployment of
advanced metering infrastructure varies -- while half of the participating utilities are already
deploying, the other half are mostly planning to deploy or piloting such technology.
Distribution automation and electric vehicle charging applications are the other two areas
where most participating utilities either have plans to deploy or are exploring their options
through pilot projects. Demand response has been addressed by most utilities through time-of-
use rates, although only a few large customers actually participate in time-based pricing
programs. Demand response through direct load control has been deployed for some time by
at least one utility but is seldom used, is considered ineffective in its current state, and is being
replaced by a combination of direct load control and programmable controllable thermostats.
Comprehensive, technology-driven asset management is the least adopted application by all
participating utilities. Table 1 provides an overview of the current state of deployment by
participating utilities.

2020 Vision of Smart Grid Deployment by Publicly Owned Utilities

After determining the current maturity levels, participating utilities used the Smart Grid
Maturity Model to establish their expected year 2020 smart grid maturity levels. Through the
aspirations-setting process of the model, participants identified their motivations for achieving
their future visions and identified the actions to be taken and challenges that they may face
along the way. Motivations are indicators as to why utilities intend to advance their smart grid
maturity; actions represent the steps they will take to achieve their future aspirations, and
challenges reflect the obstacles that they expect to face along the way. The results of this goal-
setting exercise — the summary of motivations, actions, and obstacles — are identified as follows.

The most common motivations among the participants include:

e Meeting customer expectations and fulfilling social responsibility by adhering to
regulatory requirements and increasing participation in green initiatives for reducing
environmental impact (such as reducing greenhouse gas emissions, increasing demand
response and peak-shaving capabilities, and increasing integration of renewable
distributed energy resources and generation).

e Empowering customers to change their energy consumption by providing them with
information about their energy use.

e Improving customer and employee safety, reliability of service, power quality, and
system efficiency, and reducing operations and maintenance costs.

e Contributing to local economic development and communities through job creation

e Protecting customer privacy and maintaining a high degree of cyber security.

The most common actions that participants identified as being required to achieve their 2020
vision include:

e Educating internal and external stakeholders to create a common understanding of what
smart grid is and what its benefits are to obtain buy-in for pursuing smart grid-related
initiatives



e Developing, communicating, and adopting a utilitywide vision, goals, and strategy for
smart grid.

e Acquiring necessary resources to identify, implement, and maintain smart grid and
related initiatives

e Conducting pilot and proof-of-concept projects to identify what smart grid technologies
and standards to implement.

¢ Creating a comprehensive information technology (IT) and communications vision and
strategy plan that supports anticipated smart grid applications.

e Automating work order management, workforce management, and asset management
processes.

e Implementing remote asset monitoring and sensing technologies to enhance pre-event
awareness, asset condition and status monitoring, asset maintenance, and life-cycle
management processes and costs

e Deploying advanced metering infrastructures to improve customer experience by
proactive outage detection and notification, and providing on-demand usage data.

¢ Deploying customer premise solutions to enable visibility and control of customer
premise devices and resources in response to demand response, load control, and
system reliability events.

The most common challenges faced by participants in successfully meeting their 2020
aspirations include:

e Lack of customer interest, engagement, and willingness to participate in smart grid
technologies.

¢ TFinding sufficient capital resources to invest in technologies with uncertain benefits.

e Obtaining resources to successfully implement and maintain technologies.

e Uncertainty of potential smart grid benefits.

e Technology obsolescence and lifespan.

e Cultural inertia and resistance to change.

e Lack of information technology vision and planning and lack of understanding of the
role of IT in smart grid.

e Regulatory uncertainty.

e Keeping up with evolving technologies and standards.

e Managing conflicting goals and priorities among internal and external stakeholders.

Through the aspirations-setting process of the Smart Grid Maturity Model, elements of a
consistent vision of the future smart grid are identified. Some common expectations include the
following:

e Low cost of service, high customer service, good reliability, and effective environmental
responsibility are consistent vision elements.
e Education, training, and job creation are important drivers for POUs.



e Smart grid is not in and of itself a strategic objective; rather it is one of a number of
potential solutions for meeting strategic objectives.

e The uncertainty of economic benefit from the deployment of smart grid technologies
will slow the pace of deployment.

e By 2020, POUs will be at varying stages of maturity — some will be optimizing the
application of smart grid technologies to achieve their service goals while many others
will be in earlier stages of integration.

e Most POUs will not be pioneers of technology due to their higher level priority of
providing low-cost service. POUs strive to achieve high customer service and good
reliability not with leading edge technologies, which often cost more to implement and
are hard to justify at the beginning, but with field-proven and tested technologies that
have justifiable value proposition first and foremost to the utility customer.

e Regulatory and legislative pressures could cause adverse electric rate effects if utilities
are mandated to deploy technologies faster than they are prepared for.

Developing a vision of the 2020 Smart Grid from the POU perspective is very difficult. The
participating utilities are similar in that they are locally governed, customer-owned utilities that
operate to provide safe and reliable services, provide good customer service, and provide low-
cost electricity, water, and, in some instances, natural gas services to their customers. Beyond
these similarities are a vast array of differences.

Based on the results of this research, and after review by the participating POUs, the expected
2020 vision for California’s POUs was resolved to:

A successful Smart Grid will enhance the electric, water, and natural gas service
offerings POUs provide to their local communities, and improve the efficiency and
reliability of the delivery system; lower overall system cost; support clean energy job
creation and will be accomplished in a financially responsible manner at a pace and
scope of deployment that reflects the financial, environmental and social priorities of
the communities that govern and are served by local POUs.

Roadmap to California’s 2020 Smart Grid for Publicly Owned Utilities

Participants used the Smart Grid Maturity Model to describe the current state of smart grid
deployment, establish future deployment aspirations, and identify the actions they must take
and challenges they must overcome to achieve their objectives. Based on a gap analysis
between the current and future states of smart grid deployment as envisioned by the
participating utilities, SAIC developed a set of technology roadmaps for each of the seven use
cases and one roadmap emphasizing the evolution of business activities. The technology
roadmaps are further defined to address the specific deployment pace of two classes of utilities
—leaders and followers.

Each technology roadmap shows the evolution of each of the use cases across the five two-year
time intervals from now to 2020. These use cases embody most of the smart grid functions and
elements that POUs will address. In each two-year period for a specific use case, activities are
identified that POUs will accomplish in fulfilling the role of leader or follower in smart grid



deployment. The technology roadmaps focus on the hard technology for automating delivery of
electric energy, and on the IT for managing that delivery. Many other supporting steps are
essential to enable technology success. These steps occur in areas that enable and support the
principal smart grid technologies named in the technology roadmaps and are defined in the
following strategic focus areas:

¢ Planning

e Communications Infrastructure

¢ Instrumentation, Control, and Automation
¢ Information Technology

e Standards

¢ Training

The implementation roadmaps provide detailed instructions in these six focus areas, leading
step-by-step to establish essential planning, supporting infrastructure and IT, and finally the
smart grid content for each of the use cases. Ultilities can use the technology and
implementation roadmap templates resulting from this research to develop and refine their
smart grid strategies.

Conclusions

Smart Grid Deployment Is Being Advanced by American Recovery and Reinvestment Act
Funding

SGMM analysis found that the POUs that received stimulus grants are making substantive
progress toward deployment of the smart grid. As a result of the ARRA-funded programs,
these utilities accelerated and expanded the scope of their smart grid strategies while reducing
the cost of deployment. As these programs mature, value information will be developed as to
benefits that smart grid technologies can provide to consumers.

The High Cost and Uncertainty of Benefits Is a Barrier to the Deployment of Smart Grid
Technologies.

The legacy of the electric utility industry is founded on the certainty of providing safe, reliable,
and economical electricity. That passion for certainty pervades utility decision making and
frequently manifests itself in pursuing business decisions and technologies that are risk adverse.
In contrast, many smart grid applications are still relatively immature and lack a track record of
proven field applications. Scarcity of historical data results in important uncertainties that
subsequently affect POUs’ ability to accurately estimate future costs and benefits of various
smart grid options. Since cost/benefit analysis is fundamental to a POU’s approach to
economically justifying smart grid, some POUs may elect to take a “wait and see” approach.
This observation is supported by noting that 8 out of the 13 surveyed POUs are classified as
being followers and only two are considered to be leaders. Reducing the uncertainty in
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estimating smart grid costs and benefits will promote the implementation of smart grid in the
POU space.

Regulatory Uncertainty Is a Barrier to the Deployment of Smart Grid Technologies

The roles and policies of regulatory agencies regarding smart grid continue to evolve. POUs are
concerned about how future policies might “second guess” the choices that POUs are making
today.

While some of California’s POUs are deploying smart grid technologies, others are not. The
cost of technology obsolescence and interoperability are two other key areas of concern that
underlie many utilities’ reluctance to deploy smart grid technologies right away. Ultilities fear
technology selections and deployments may become obsolete as further mandates and policies
are put into place and technologies continue to change without set standards. Thus, many
POUs are waiting to better understand the potential effects and benefits of smart grid
technologies and evolution of standards before making a significant investment in deployment.

Smart Grid Deployment at POUs and I0Us Will Be Different

A number of differences exist between POUs and investor-owned utilities (IOUs) that will
influence the deployment of smart grid, including:

e Governance: POUs are governed by boards that are composed of their consumers.
POU boards are typically highly responsive to the consumers’ needs and may be less
educated about the technologies, services, benefits, or costs that are attributed to smart
grid.

e Capital Resources: POUs’ access to financial resources is limited and their capital
budgets are subject to ratepayer scrutiny. POUs generally do not maintain sufficient
retained earnings to fund an extensive smart grid deployment.

¢ Human Resources: POU staff is generally much smaller than IOU staff. Smart grid
requires sufficient support for deployment, cyber security, and back office systems.
Existing POU staff is often not adequately trained in smart grid.

e Financial Incentives: Financial incentives, like ARRA grants, are temporary solutions
that do not provide a long-term solution to the financial challenges that many POUs
face. POUs are not incentivized to maximize profits and financial benefits are returned
to consumers.

e Economies of Scale: POUs generally have fewer customers to bear smart grid fixed
costs, thereby impeding achievement of economies of scale. Many POUs cannot develop
a positive business case for smart grid technology and are unwilling to require
customers to pay higher rates for the sake of technology.

Recommendations

Additional Research Is Needed to Reduce the Cost of Smart Grid Deployment
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POUs commonly justify smart grid deployment on the basis of forecasted costs and benefits. To
date, some POUs have estimated costs to be in excess of benefits and have consequently elected
for costs to decline. Reductions in smart grid costs will increase deployment, especially at
smaller utilities, but it is not clear how much the costs have to decline to have a significant effect
on the rate of deployment. Since the Energy Commission already invests in research to reduce
the costs of technologies such as renewable energy and energy efficiency, it should consider
researching how reducing the costs of advanced metering, distribution automation, energy
storage, and demand response may advance the effect of smart grid technologies on achieving
energy policy objectives.

Additional Research Is Needed to Identify the Smart Grid Effects on Energy Policy

This report identifies specific ways that smart grid could positively affect California’s energy
policy. However, progress in such accomplishments is currently unproven, and there are no
data to quantitatively measure progress. Over the next few years, the Energy Commission
should track and measure how Smart Grid is influencing key outcomes among POUs, such as:

¢ Reduce greenhouse gasses (GHG).

e Integrate rooftop solar panels.

e Adhere to renewable portfolio standards.

e Modify resource plans to first use energy efficiency, conservation, and distributed
resources.

Extend Outreach for Smart Grid Education

Interviews with POUs identified smart grid education for boards, staff, and consumers as a
significant obstacle. POUs regularly survey their customers’ interest in technologies for
reducing energy consumption and reducing the environmental impact of electricity
consumption, including perceptions of the potential costs and benefits of smart grid. POU
customers are generally willing to accept that using smart grid technologies to accomplish
”good” things is something they would support, but they are usually not interested in paying
anything additional and are suspect as to the potential benefits. Whereas the Energy
Commission has been involved in outreach to California’s energy consumers about the positive
effects of energy efficiency and renewable energy, similar efforts could be applied to helping
consumers understand the potential positive impacts that smart grid technologies may have
toward meeting energy policy objectives. Particularly important areas for education could
include privacy and security, health effects, reliability, and the tangible financial benefits
associated with smart grid technologies.

Encourage Customer Participation

One issue that confronts a successful smart grid launch is the role of customers. Many of the
financial benefits that smart grid offers may not be fully realized if customers are not
adequately engaged and participating on an ongoing basis. Once the newness of the offering
(such as home area networks) has faded, customers might lose interest and revert to traditional
behaviors.
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Develop a Standardized Framework to Help POUs Quantify the Benefits and Costs Associated
With Smart Grid

This will require a complex modeling approach and should include technology and
customer programs such as DR modeled over a 15-year time frame, at a minimum. It
should be capable of modeling multiple smart grid applications simultaneously to
understand a utility’s entire smart grid return on investment and cash flow for budgeting, to
have the capability to quantify the financial implications of alternative strategies, and to
provide insights on the timing and integration of smart grid initiatives across the
enterprises.

Continue to Track and Monitor POU Smart Grid Progress

Implementing the SGMM framework provided insight into the status of smart grid
development at POUs. Since it is a measurement at a point in time, tracking the POUs’ progress
over time and timely success in achieving future aspirations, it is recommended that the Energy
Commission support the application of SGMM at two-year intervals through 2020.

The SGMM is a powerful tool yet has certain areas where refinement is recommended to track
the unique needs and circumstances of POUs. Specific examples include survey question
modifications to reflect POU governance (POUs are not regulated in the same manner as IOUs),
concept of the utility’s grid (the POU’s grid is predominantly a distribution system, yet some
SGMM questions pertain to the transmission or generation systems), and services (many POUs
offer water and natural gas in addition to electricity - SGMM questions do not account for
economies of scope that may be available by addressing multiple services).

Address Unique POU Challenges in Smart Grid Development

POUs face certain challenges that are significantly different from IOUs. Consequently, it is not
surprising to find that the Energy Commission’s role in promoting smart grid in the POU space
needs to take into account a different set of challenges. Specific examples include size (POUs
are commonly smaller than IOUs and, therefore, have fewer human resources to draw upon in
implementing a smart grid program), financing (POUs’ access to capital is significantly different
from IOUs) and governance (POUs need to be responsive to an elected board, which reflects the
interests of its ratepayers).

Another challenge is that costs associated with many, necessary smart grid functions are not
well scalable. Regardless of size, utilities are expected to require specialized expertise in cyber
security, back-office support and software, communications, and management. To a large
extent, these features disadvantage smaller utilities (most notably POUs) and adversely affect
the economic justification of smart grid. It is recommended that the Energy Commission
support research into scaling smart grid systems to better fit smaller utilities.

Few POUs in California own and operate transmission systems (such as, IID, LADWP, and
SMUD), and the others rely on third parties (such as, joint agencies such as the Southern
California Public Power Authority). One smart grid application that has received
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comparatively less attention in this research is transmission systems and synchrophasors. The
role that nontransmission owners play in such areas is limited and should be explored more.

Engage California POUs in Smart Grid Evolution and Standards Development Processes

POUs should engage more with energy operators, technology providers, and regulators to
understand what standards are in place, and what the consequences of failing to meet those
standards are. What new developments are on the horizon? How risk management and controls
related to adoption of standards should be integrated into the entire smart grid project lifecycle?
How they should apply technical, operational, and management controls according to best
practices?

The Energy Commission should develop an ongoing discussion and interaction with California
POUs to engage them more in developing standards by working with manufacturers and the
Energy Commission to provide data and pilot demonstrations. The Commission should create a
platform for information sharing and continued discussion between the POUs and the Energy
Commission around enabling smart grid technologies and standards, the state of
implementation of technologies, standards and pilot demonstrations, lessons learned, the
evolving risks, impacts, and possibilities.

Continue Participating in Cyber Security and Data Privacy Issues

Smart grid implementation in some California communities has raised questions about the
security of utility networks and the privacy of customer data. Cyber security is a process and
not an endpoint. Therefore, POUs will need to make an ongoing investment in their IT
processes and staff to ensure that adequate safeguards are in place and updated.
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CHAPTER 1:
Introduction

This research report provides insight into the unique perspective shared among California’s
customer-owned public utilities (the POUs) of the issue of whether and how the deployment of
Smart Grid technologies can help meet state energy policy objectives. To investigate this issue
several key questions are examined:

1) How does the deployment of Smart Grid technology help a POU achieve state energy
policy objectives?

2) How are POUs deploying Smart Grid technologies today?
3) What is the vision of the 2020 Smart Grid from the perspective of POUs?
4) What are the challenges that POU’s face in implementing Smart Grid technologies?

5) How can the Energy Commission apply its research efforts to help POU’s address these
challenges?

In this first chapter of the report, the basis for the investigation is set by:

e Establishing the connection between Smart Grid technologies and the impact on state
energy policy objectives

¢ Defining the nature of POUs as providers of energy and other essential services to
consumers, and

e DPresenting the unique POU perspective of the 2020 smart grid
Chapter 2 of the report presents the POU vision for the 2020 Smart Grid.

Chapter 3 of the report presents the current state of Smart Grid deployments, describes the
plans for future deployments and identifies gaps and challenges the POU’s must overcome in
Smart Grid deployments.

Chapter 4 provides an assessment of Smart Grid technologies being used by POUs.

Chapter 5 provides a framework for and discusses the challenges POUs face in building a
positive Smart Grid business case.

Chapter 6 presents a broad technology roadmap for POU deployment of Smart Grid
technologies and provides detailed Smart Grid implementation roadmaps.

Chapter 7 presents the concluding comments of SAIC for California POUs and the Energy
Commission to achieve the 2020 Smart Grid vision.

Chapter 8 provides the list of acronyms.
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Appendix A supplements Chapter 3 (California Smart Grid Initiatives Assessment Framework)
with additional information on the Smart Grid Maturity Model (SGMM) framework describing
its benefits, domains and underlying assumptions. This appendix also provides in-depth data
and analysis of the California POUs” SGMM results.

Appendix B also supplements Chapter 3 (California Smart Grid Initiatives Assessment
Framework) with detailed information on the Smart Grid initiatives of the California POUs that
have received American Recovery and Reinvestment Act (ARRA) grants.

Appendix C supplements Chapter 4 (Smart Grid Technology Assessment) with detailed
information on the Smart Grid technologies. This appendix is structured in a tutorial nature. It
discusses Smart Grid technologies that are emerging and in-service, some at California POUs.

Appendix D also supplements Chapter 4 (Smart Grid Technology Assessment)and provides
detailed information on each Use Case. The Use Cases are structured in a flyer format. Each
Use Case presents; a brief description of the Use Case application; primary business and
operational needs addressed and impacted by the implementation of the Use Case; a high level
hardware, software, communications, interface and training requirements to enable the
suggested Use Case; technology and business challenges that a utility may face while
implementing the Use Case; and, a brief summary of its benefits and potential.

Appendix E supplements Chapter 5 (Smart Grid Business Case Framework) with a discussion
on the employment and job creation related aspects of Smart Grid.

Energy Policy Objectives and Legislation

California has a broad range of energy policy objectives that impact the customer-owners of
POU’s. The overarching objective of California’s energy policy is to reduce the use of fossil-
based fuels that when consumed in producing electricity generates greenhouse gasses (GHG)
that are emitted to the atmosphere. These policies and related regulations and legislation direct
utilities to:

e Reduce energy use by increasing energy efficiency in customer premises and in the grid;

¢ Reduce the use of fossil-fueled energy sources by increasing the use of clean renewable
energy resources including utility scale installations and widespread distributed scale;

e Motivate, and in some instances require, consumers to reduce energy use during peak
consumption periods when energy is most scarce, is most expensive to produce and
deliver and is generated by the least efficient, highest-GHG emitting sources; and,

e Provide efficient, reliable, secure and resilient transmission and distribution grids.

In 2007, the Federal Government enacted the Energy Independence and Security Act of 2007,
Title XIII of which lays the foundation for current interpretations of Smart Grid terminology. In
Title XIII, a national Smart Grid policy is enacted to support the modernization of the Nation’s
electricity transmission and distribution system to maintain a reliable and secure electricity
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infrastructure that can meet future demand growth and to achieve each of the following, which
together characterize a Smart Grid:

(1) Increased use of digital information and controls technology to improve reliability,
security, and efficiency of the electric grid.

(2) Dynamic optimization of grid operations and resources, with full cyber security.

(3) Deployment and integration of distributed resources and generation, including
renewable resources.

(4) Development and incorporation of demand response, demand-side resources, and
energy-efficiency resources.

(5) Deployment of “smart” technologies (real-time, automated, interactive technologies that
optimize the physical operation of appliances and consumer devices) for metering,
communications concerning grid operations and status, and distribution automation.

(6) Integration of “smart”” appliances and consumer devices.

(7) Deployment and integration of advanced electricity storage and peak-shaving
technologies, including plug-in electric and hybrid electric vehicles, and thermal-storage air
conditioning.

(8) Provision to consumers of timely information and control options.

(9) Development of standards for communication and interoperability of appliances and
equipment connected to the electric grid, including the infrastructure serving the grid.

(10) Identification and lowering of unreasonable or unnecessary barriers to adoption of
Smart Grid technologies, practices, and services.

The American Recovery and Reinvestment Act of 2009 (Recovery Act or ARRA) provides the
U.S. Department of Energy (DOE) with about $4.5 billion to modernize the electric power grid
and to implement Title XIII of the Energy Independence and Security Act of 2007 (EISA), which
focused on the Smart Grid. The two largest initiatives are the Smart Grid Investment Grant
(SGIG) program and the Smart Grid Demonstration Program (SGDP.) SGIG focuses on
deploying existing Smart Grid technologies, tools, and techniques to improve grid performance
today. SGDP explores advanced Smart Grid and energy storage systems and evaluates
performance for future applications. California’s POUs received federal stimulus grant of $321
million towards total program costs of $558 million. These Smart Grid investments equate to
approximately $240 per each of the 2.4 million customers of the receiving utilities.

In response to the federal direction that states consider advancing Smart Grid technologies,
particularly those technologies that could advance energy efficiency, demand response,
renewable energy and grid reliability and security, in 2009 California enacted Senate Bill 17 into
the Public Utilities Code. The bill establishes as state policy the modernization of the state’s
electrical grid to maintain reliable and secure electrical service with infrastructure that can meet
future growth in demand while achieving several other objectives such as integration of
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distributed generation resources, demand-side resources and ‘smart’ technologies. The Bill
further required California’s investor owned and large publicly-owned utilities to develop

plans that consider the deployment of Smart Grid technologies.

Several of California’s POU’s submitted plans in response to the requirements of SB-17

describing how POU’s will deploy Smart Grid technologies to:

¢ Empower customers to use less energy through enhanced awareness of energy use and

price-driven and automatic demand response;

e Integrate significant amounts of distributed renewable energy resources into utility

transmission and distribution systems

e Enhance the efficiency, security, reliability and resiliency of transmission and

distribution systems through advanced distribution automation systems

Research Participants

Science Applications International Corporation (SAIC) invited 38 municipal utilities, along with
Northern California Power Agency (NCPA), California Municipal Utilities Association
(CMUA), and the Southern California Public Power Authority (SCPPA) to participate in the

project. The table below lists the 13 participating utilities.
Table 2: California Publicly Owned Utilities

# of MWh Sold ARRA
Utility Information Customers (2009) Services Participant | Recipient
Alameda Municipal Power 34,399 383,100 E,B Y N
Anaheim Public Utilities 112,548 3,208,123 E,W,B Y Y
Azusa Light Water 15,403 679,596 E.W Y N
Banning Public Utilities 11,800 150,287 E N N
Burbank Water Power 51,619 1,183,987 E, W,WW,B Y Y
City of Cerritos 305 60,000 E N N
Colton Public Works and Utility Services 18,694 E.W N N
Corona Water Power 1,883 EW N N
Glendale Water Power 84,800 1,287,976 E,W,WW,B Y Y
City of Gridley 2,886 32,875 E,W N N
City of Healdsburg 5,594 E.W N N
City of Hercules 750 13,269 E N N
Imperial Irrigation District 145,626 3,316,121 E,W,B Y N
Lassen Municipal Utility District 10,700 133,000 E N N
City of Lodi 25,500 434,270 E,W N N
City of Lompoc 15,282 134,000 E,W,WwW N N
Los Angeles Department of Water Power 1,400,000 24,838,982 E,W,B Y Y
Merced Irrigation District 7,567 425,600 E.l N N
Modesto Irrigation District 107,141 2,786,159 E N Y
City of Moreno Valley 5,589 90,526 E N N
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# of MWh Sold ARRA
Utility Information Customers (2009) Services Participant | Recipient
Needles Public Utility Authority 3,113 57,756 E,.W N N
City of Palo Alto Utilities 29,430 965,000 | E,G,W,WW,B Y N
Pasadena Water and Power 63,838 1,184,344 E,W,B Y N
Pittsburg Power Company 449 17,479 E,G N N
City of Rancho Cucamonga 487 66,000 E N N
Redding Electric Utility 43,035 770,000 E.W Y N
Riverside Public Utilities 106,385 2,089 E,W,WW,B N N
Roseville Electric Utility E.W N N
Sacramento Municipal Utility District 595,076 12,800,000 E Y Y
R: 967,466
San Francisco Public Utilities Commission 2,206 W: 283,026 E,.W N N
Silicon Valley Power 51,854 2,800,004 E,.W,WW,B Y N
City of Shasta Lake 4,441 189,944 E.W N N
South San Joaquin Irrigation District E.W N N
Trinity Public Utilities District 7,119 89,000 E N N
Truckee Donner Public Utility District 13,154 146,875 E.W N N
R: 1,988,956
Turlock Irrigation District 98,453 | W: 1,440,480 E,l N N
City of Ukiah 8,500 117,821 E,W N N
City of Vernon Light Power 1,908 1,208,000 E.W N N
Legend

Participating Utilities are Shaded

ARRA — American Recovery and Reinvestment Act

B — Broadband
E — Electric

G - Gas

| — Irrigation

MWH — Megawatt-hour

W — Water

WW — Waste water

As presented in Table 2, five of the participating POUs received American Recovery and

Reinvestment Act (ARRA) grants from the United States (U.S.) Department of Energy (DOE) in

2009 for their Smart Grid initiatives. The project value of the Smart Grid initiatives of these

POUs totals to approximately $555 million, dollars of which $233.6 million dollars are funded

by the DOE through the ARRA grant.

Approach and Methodology

SAIC employed a stakeholder driven approach to working with the State’s POU’s. Of the 13
participants, several utilities were asked to serve as ad-hoc steering committee members.

Working with these steering committee members, the project team selected the Smart Grid

Maturity Model (SGMM) as primary instrument for gathering and analyzing information about

POU smart grid vision and implementation plans. The research approach adopted by the

project team is presented in the figure below. The application of the SGMM framework and the
resulting findings are further described in Chapter 3.
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Figure 2: Research Approach
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The SGMM is a management assessment tool that was initially developed by International
Business Machines (IBM) and a group of Investor Owned Ultilities (IOUs) and POUs. The
model is currently under the stewardship of the Software Engineering Institute (SEI) at
Carnegie Mellon University (CMU), which continues to solicit input from electric utilities to
guide its on-going development. Gas and water utilities have not participated in the

SGMM. The model provides a framework for understanding the current state of Smart Grid
deployment and capability within an electric utility, regardless of its ownership structure, and
provides a context for establishing future strategies and work plans as they pertain to Smart
Grid implementations. The model is objective in nature, quantitative, and applies a highly
structured approach to collecting data from electric utilities. These features facilitate
meaningful cross-utility comparisons and aid an individual utility’s understanding how they
compare to other similarly sized entities.

The SGMM is composed of eight model domains that each contains six defined levels of
maturity, ranging from Level 0 (lowest) to Level 5 (highest). Each domain is a logical grouping
of specific Smart Grid capabilities and characteristics. An SGMM assessment provides an
organization with a maturity rating for each of the eight domains. The six levels of maturity
represent defined stages of an organization’s incremental progress toward achieving an
advanced state in terms of automation, efficiency, reliability, energy and cost savings,
integration of alternative energy sources, improved customer interaction, and access to new
business opportunities and markets.
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Figure 3: Smart Grid Maturity Model Consists of Eight Smart Grid Domains
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Source: Smart Grid Maturity Model, Model Definition, A framework for Smart Grid
transformation September 2010, TECHNICAL REPORT, CMU/SEI-2010-TR-009,
ESC-TR-2010-009

Figure 4: Six Maturity Levels of Smart Grid Maturity Model
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Applying the model begins with an assessment using the SGMM Compass, a survey instrument
containing questions corresponding to the characteristics in the SGMM model, as well as
demographic and performance information. Completing the Compass survey and having it
scored yields a maturity rating for each of the model’s eight domains. The levels of maturity
represent defined stages of an organization’s progress toward achieving its Smart Grid vision in
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terms of automation, efficiency, reliability, energy and cost savings, integration of alternative
energy sources, improved customer interaction, and access to new business opportunities and
markets. By assessing its current maturity level in each domain and taking steps to increase its
levels as appropriate, an organization will move closer to obtaining the desired benefits of
implementing Smart Grid features. The flexibility of the model allows a utility to establish its
own unique target maturity profile as a target for Smart Grid implementation.

In addition to the maturity ratings, each Compass scoring report also includes aggregate data
from all of the utilities that have completed the survey. Using this data, a utility can compare its
survey responses and maturity profile to the community of SGMM users. Many utilities have
reported that this comparison yields additional insights about their Smart Grid progress and
plans.

Figure 5: Smart Grid Maturity Model Assessment Process
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Source: Smart Grid Maturity Model, Model Definition, A framework for Smart Grid
transformation September 2010, TECHNICAL REPORT, CMU/SEI-2010-TR-009, ESC-TR-
2010-009

Utilities electing to participate in the research considered three options for conducting an
SGMM assessment and using the model.

SGMM Navigation — SAIC provides SGMM Navigators who are industry experts who have
been trained and certified to guide utilities through the SGMM Navigation process. The
Navigator works with the utility’s Smart Grid team to complete the SGMM Compass on a
consensus basis in a workshop setting —promoting valuable internal discussion of shared
objectives.

Self-Assessment - Utilities may also complete the SGMM Compass independently. They
receive a scoring report with a maturity level profile against the model, as well as aggregate
data from the other utilities that have completed the survey for use in comparative analysis.
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Utilities choosing the self-assessment option will have access to SAIC Navi