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SPECIAL NOTE FOR THE NOVEMBER 2013 VERSION OF THE
COLLABORATIVE TRANSMISSION TECHNOLOGY ROADMAP

This document is the first complete draft of the deliverable produced as
a result of the Collaborative Transmission Technology Roadmap pilot
project.

Development of this roadmap occurred in stages between May and
November 2013. Subject matter experts from throughout North
America developed the content over the course of two hands-on
workshops. A team from the Portland State University Engineering and
Technology Management Department transcribed workshop content
into electronic files that a team from the Electric Power Research
Institute then fact-checked and refined. Finally, project team members
from the Bonneville Power Administration, Portland State University,
and the Electric Power Research Institute composed the various
sections of text.

For more information about the
Collaborative Transmission Technology Roadmap
or to offer revision suggestions, contact:

This roadmap is always to be considered a live, working document, but
particularly since the current document is the culmination of a months-
long, multi-stage process, readers may find errors or omissions in
addition to other important content that would enhance this resource.
The project team always welcomes opportunities to strengthen the
content of this roadmap and invites all readers to provide critical
comment. Input received by December 15, 2013, will be vetted by
members of the project team and considered for inclusion within a
revised version tentatively scheduled for publication early in 2014.

James V. Hillegas-Elting

Bonneville Power Administration
jvhillegas@bpa.gov, 503.230.5327
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LETTER OF INTRODUCTION

At the Bonneville Power Administration we believe that technology plays a
very important role in our ability to continue to provide low cost, reliable
power to the Pacific Northwest. Since 2006, we have actively invested in a
portfolio of research projects intended to help us achieve strategic
business objectives. Each year new projects are added while old ones are
either completed or pruned.

A key component of the portfolio selection process is the roadmap, in this
case the Transmission Technology Roadmap. The roadmap clearly
articulates the research that is needed in a given technology area.
Researchers in academia, laboratories, and industry can use the roadmap
to understand how their work can benefit the electric power industry. The
roadmap also shows how research in a given area relates to strategic
business drivers. Utility executives and stakeholders can use the roadmap
to understand how investments in technology can advance business
objectives.

As we invest in new research and technologies, we must seek to
understand what other utilities, universities, laboratories, and
manufacturers are doing so that we avoid wasteful duplication of effort.
Understanding areas of mutual interest among transmission owners and
operators can lead to more productive, collaborative research. That is why
we have sought the help of EPRI and our utility and RTO partners in the
development of the Collaborative Transmission Technology Roadmanp.

The Collaborative Transmission Technology Roadmap is the result of a
pilot project to demonstrate the technology road mapping process in five
technology areas; Situational Awareness, Study Tools, Data Analysis, Field
Practices, and Condition Monitoring. The content was derived from a set of

workshops with attendees representing utilities, RTOs, national
laboratories, universities, government agencies, and industry.

I would like to thank all of the people who have contributed to his effort.
ConEd, First Energy, PJM, TVA, Xcel, and WAPA have partnered with us in
this process. They have provided content and have contributed their time
and expertise to guide the effort. EPRI played a key roll in managing the
collaboration as well as fact checking the output of the workshops. The
PSU team provided the road mapping expertise and translated the
workshop output into the diagrams you see in this document.

The Collaborative Transmission Technology Roadmap is being made
publicly available so that the entire industry may benefit. The five
technology areas depicted in the roadmap represent only part of the areas
of interest within transmission. More work is needed to articulate research
needs in the remaining technology areas.

It is my hope that others within the industry will find this roadmap useful
and will apply this methodology to guide their research investments.
Together we can ensure that the right technologies are available for the
continued delivery of low cost reliable electric power for generations to
come.

Terry Oliver
Chief Technology Innovation Officer
Bonneville Power Administration
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EXECUTIVE SUMMARY

Technology roadmaps are used to guide investments in research, to
articulate research questions of interest, and to inform stakeholders of
the potential benefits of new technology. Bonneville Power
Administration (BPA) developed its first Transmission Technology
Roadmap in 2006 after Northwest rate-payers committed to a
sustained investment in new technology. The 2006 roadmap and the
revisions that followed have been used in conjunction with BPA’s
annual R&D solicitation. More recently, the roadmap has been used to
inform transmission asset strategies. The roadmap is revised and
updated periodically to accurately reflect the current state of
technology.

The Collaborative Transmission Technology Roadmap pilot effort was
established to develop an entirely new transmission roadmap based on
the following principles:

e (Create a transmission technology roadmap that utilizes
industry best practices for roadmapping;

e Apply the lessons learned from the highly successful National
Energy Efficiency Technology Roadmap Portfolio;

e Solicit participation from other leaders in the industry to
identify common areas of interest and possible collaboration;
and

e Use the content from the existing BPA roadmap as a starting
point.

The core team responsible for developing the roadmap consisted of
BPA, the Portland State University Engineering and Technology
Management Department (PSU), and the Electric Power Research
Institute (EPRI). BPA provided project management and subject matter
expertise. PSU provided road mapping best practices and processed
workshop output. EPRI managed the collaboration with industry
partners, provided subject matter expertise, and fact-checked the
roadmap content. Collaborating industry partners including BPA, First
Energy, Xcel Energy, Western Area Power Administration (WAPA),
Tennessee Valley authority (TVA), PJM Interconnection, and
Consolidated Edison Company (ConEd) provided guidance and subject
matter expertise.

Principals from the collaborating organizations met in May 2013 to
determine the focus of the pilot project. Roadmap content was then
derived from the output of two workshops. The first workshop (June
2013) focused on Drivers and Capability Gaps. Participants included
executives, senior managers, and subject matter experts from the
collaborating partners (see Figure 1 for proportional representation).
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Figure 1 - Affiliation of Workshop 1 participants.

The second workshop (September 2013) focused on the Technology
Characteristics and R&D Programs. Participants included experts from
utilities, industry, universities, and national laboratories (see Figure 2
for proportional representation).
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Figure 2 - Affiliation of Workshop 2 participants.

The pilot effort to develop a Collaborative Transmission Technology
Roadmap was focused on the five Technology Areas of greatest interest
to the collaborating partners:

1.Simulation Study Tools, Techniques, and Models: Simulation
tools, techniques and models are used to perform studies such as

power flow, stability, short-circuit, voltage stability, real-time
contingency analysis, protection control setting, electromagnetic
transients, etc. Examples of technology needs include development
of models for novel equipment, model validation, integrated
planning/ operations/engineering/design modeling data and tools,
risk-based study tools and techniques, advanced computing
techniques, etc.

2.Situation Awareness: Power system visualization and situational
awareness tools help transmission operators to understand the
present conditions within and around the power system of interest
and to anticipate the system conditions throughout the day.
Examples of technology needs include grid monitoring and sensors
such as phasor measurement units, decision support and
visualization, intelligent alarms, real time assessment of power
system stability, etc.

3.Condition Monitoring, Inspection, Assessment, and
Maintenance: Aging infrastructure is a challenge for transmission

owners and operators as new tools and methods are sought for
equipment condition monitoring and periodic inspection.
Information allowing assessment of equipment health is essential
for asset management and equipment life cycle management,
including life extension, replacement, and maintenance. Examples
of technology challenges include advanced sensors, associated
analytics to develop equipment condition information, and decision
support tools for life cycle management.
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4.Field Practices: New and enhanced field practices can improve

worker safety and power system reliability while reducing capital
and maintenance costs. Examples include switching safety and
reliability, live maintenance practices, improved grounding
procedures, vegetation management, etc.

5.Data Acquisition, Transmittal, Analysis, and Mining: As users
demand more information, and communication networks collect

and transmit large quantities of data, the challenge remains to
convert the data into useful information for utility decision makers.
This technology area involves primary collection points, data
consolidation, further transmittal to databases, and the analysis
of large quantities of data.

Development of the roadmap has demonstrated the wvalue in
collaborating with other organizations which have similar interests and
needs. Research investments are best leveraged and optimized by

identifying those research themes that are broadly applicable. Proper
alignment of research effort results in mutually-beneficial outcomes.

A technology roadmap must constantly evolve to accurately reflect the
changing technology landscapes and business environments. This
document accurately reflects the current state of transmission research
needs in the five technology areas. Continued work is required to
maintain the relevance of this information.

The content of the roadmap should be refreshed periodically as
research questions are answered and as new priorities emerge. The
scope of the roadmap can be expanded to incorporate new roadmaps
or even new technology areas. Additional future work could include a
method of prioritization of the research needs identified in the
roadmap.
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INTRODUCTION

“A roadmap is an extended look at the future of a chosen field of inquiry composed
from the collective knowledge and imagination of the brightest drivers of the change”

Robert Galvin, former Motorola Chairman

Roadmaps are used as communication tools to align technology plans
with organizational strategies, to articulate long-term plans, and to
prioritize research investments. The Bonneville Power Administration
(BPA) has successfully demonstrated the benefits of engaging senior
executives, subject-matter-experts, regional partners, and industry to
develop several technology roadmaps. Roadmapping serves as the
basis for developing a research portfolio that aligns with the strategic
needs of the agency. BPA has earned international acknowledgement
for demonstrating roadmapping best practices, specifically in reference
to the agency’s work in energy efficiency technology roadmapping.
Further evidence of BPA’s ability to use roadmaps to drive a research
portfolio include fiscal year 2013 Energy Storage projects and the
Helical Shunt project, which demonstrated millions of dollars in savings
to the agency.

BPA developed its first Transmission Technology Roadmap in 2006
with the help of Portland State University. This initial roadmap has
been revised over the years as needs have changed and best practices
have evolved, but there is always room for improvement. BPA
recognized this for their existing transmission roadmap and reached
out to electric industry partners with the idea of developing a
collaborative transmission technology roadmap—a roadmap that

would represent the collective research needs of the participating
organizations.

BPA participates in the Research Technology Management (RTM)
Forum, a national technology management benchmarking group. The
entity is comprised of transmission owners and operators that have an
interest in understanding how other institutions manage R&D and have
a desire to adopt the best practices in their own organizations. This
seemed a likely group to identify potential partners for a pilot. At a late
2012 RTM Forum meeting, four of the partners identified a strong
interest in participating and suggested inviting independent system
operators (ISOs), also referred to as regional transmission operators
(RTOs). ISO/RTO input is important because they have broader
perspective and their technology needs may be somewhat different
since they have responsibility to plan and operate power system at
regional level, comprising multiple transmission owners and operators.
Based on this feedback, two ISOs agreed to join the pilot effort.

In addition to utility/ISO partners, the Electric Power Research
Institute (EPRI) was asked to lead the effort with BPA. EPRI is a
recognized international leader in conducting research and
development on behalf of the global utility industry. EPRI brings
together its scientists and engineers, as well as experts from academia
and industry, to help address electric power industry challenges
through collaborative efforts with utilities and 1SOs/RTOs. EPRI also
has been developing technology roadmaps for generation,
transmission, distribution and end-use customer segments, in
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collaboration with its member utilities and 1SOs/RTOs. The BPA and
EPRI strengths complement each other, which makes for a strong team
to develop the transmission technology roadmap.

In early 2013 the collaborating organizations were confirmed. BPA and
EPRI were joined by Consolidated Edison Company, FirstEnergy, PJM
Interconnection, Tennessee Valley Authority, Western Area Power
Authority, and Xcel Energy. With the seven partners identified planning
was well underway by February. Key elements of the initial process
included understanding and incorporating lessons learned from BPA
and EPRI collaboration through 2012 to produce the National Energy
Efficiency Technology Roadmap Portfolio (published March 2013).

In May 2013 principals from the collaborating organizations met to
agree upon the content parameters of the pilot project—the five
Technology Areas addressed in this document. With this direction the
project team convened Workshop 1 in June to bring together “strategic-
level” experts to identify the Drivers and Capability Gaps within each
Technology Area. These experts again included executives and senior
managers from all of the collaborating organizations.

Workshop 2 followed in September to gather “tactical-level”
information from a wider array of subject matter experts from utilities,
research laboratories, universities, vendors, and other entities. This
category of experts included those with hands-on roles as operations
managers or staff, plus technical specialists engaged in R&D. These
experts linked R&D Programs and Technology Characteristics to the
Capability Gaps and Drivers identified in Workshop 1. A summary
project plan is provided in Table 1.

Table 1: Pilot Project Implementation, 2013

Event Date Summary
- , Principals from collaborating organizations to
Principals . . . .
Meetin May 9 establish pilot project parameters. Held in
g Charlotte, NC.
Strategic experts to articulate key technology
June 25- Drivers and the Capability Gaps: Executives,
/orong 26 Senior leadership, and Senior-level operational

managers. Held in Portland, OR.

Aug. 27 Tactical subject matter experts to articulate
Technology characteristics required to bridge
Capability Gaps and R&D Program descriptions
needed to develop these characteristics:
Engineers, Operators, Researchers, and

Workshop 2 | sep. 18-

19 Academics. August mini-workshop held in
Charlotte, NC; September workshop held in
Portland, OR.
Publish
Roadmap Nov. 15
References

Electric Power Research Institute, www.epri.com.

Asher Lessels, Associate Programme Officer, Background Paper on
Technology Roadmaps, Technology Executive Committee of the
United Nations Framework Convention on Climate Change,
April, 2013, http://unfccc.int/ttclear/sunsetcms/storage/
contents/stored-file-20130522123304914 /TEC%?20-
%?20background%20paper%20on%20technology%20roadmap
s.pdf.

National Energy Efficiency Technology Roadmap Portfolio (Portland,
Oreg.: Bonneville Power Administration), March 2013,
http://www.bpa.gov/energy/n/emerging_technology/.
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WHAT IS ROADMAPPING?

Technology Roadmapping (TRM) is a strategic approach for research
and development (R&D) planning. Researchers have determined that
Motorola was the first organization to use TRMs, in the 1970s. Since
this time it has become a standard planning tool for R&D-driven
organizations. Robert Galvin, former Chair of Motorola and an advocate
of science and technology roadmaps, defines a roadmap as “an
extended look at the future of a chosen field of inquiry composed from
the collective knowledge and imagination of the brightest drivers of the

change.”

Technology roadmaps provide a framework for future innovations in a
number of key technology areas and ensure that investment in
technology and research is linked to the business drivers and market
trends. Additionally, technology roadmaps facilitate resource-
allocation decisions and help optimize R&D investment determinations.
Roadmaps also assist in filtering alternate technological options and
thereby guide decision makers to focus on promising technologies. In
today’s competitive business environment it is crucial to make the right
decisions at the appropriate time.

A wide variety of public and private organizations have made use of the
full suite of roadmapping tools because these tools are readily tailored
and eminently scalable. These tools have been used to develop
roadmaps for specific products, for broader technology areas, for
company-wide strategic plans, for alignment of companies within an
industry, and for articulating common national or international goals.
Private firms, non-governmental organizations, academic institutions,
industrial organizations, community groups, and government entities
have found technology roadmapping a fruitful approach. Concurrent
with this diversity are the many applications to which a tailored

roadmapping structure has been put, including the electronics,
aerospace, defense, manufacturing, information technology,
communications, healthcare, and transportation industries, and also to
address pressing policy issues such as environmental remediation and
climate change. Technology roadmaps have also been used in the
energy sector at an increasing rate over the past decade.

There are four major phases in the roadmapping process:

1) Apply strategic planning tools—such as Strengths, Weaknesses,
Opportunities, and Threats (SWOT) assessments—to articulate
drivers that confront the organization;

2) Identify desired capabilities to help meet the drivers;

3) Use technology forecasting or other methods to identify
technologies that would help deliver the desired capabilities;
and

4) Delineate the R&D required to develop the specified
technologies, including specification of key research questions.

The scope of roadmapping activities determine the most suitable
approach to take in developing the final deliverable:

e Ahigh-level landscape analysis called an “S-Plan” or Strategic
Plan, or

e A more detailed product- or capability-focused approach
known as a “T-Plan” or Tactical Plan.

These two categories are not mutually exclusive and, in fact, are quite
complementary. S-Plans can be the first step in understanding the full
landscape of opportunities and challenges, and once these have been
articulated T-Plans can be developed to go into further detail on
specific priority areas. T-Plans are more likely than S-Plans to be
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structured along a time scale not only to link R&D needs with Bray, 0.H. and M.L. Garcia, Technology roadmapping: the integration of

important drivers (as an S-Plan does) but also to begin to identify strategic and technology planning for competitiveness, in
stages of technology development and the necessary teams best Innovation in Technology Management - The Key to Global
equipped to lead particular work streams. Leadership. PICMET '97: Portland International Conference on

As with the National Energy Efficiency Technology Roadmap Portfolio, Management and Technology. 1997. p. 25-28.

this Collaborative Transmission Technology Roadmap has been Nauda, A. and D.L. Hall, Strategic technology planning--Developing
developed using the S-Plan framework to provide the data necessary roadmaps for competitive advantage, in Portland International
for future refinement of prioritized sections into T-Plans. Recognizing Conference on Management of Engineering and Technology.
that both of these roadmapping projects are highly collaborative and 1991: Portland, OR, USA. p. 745-748.

bring together organizations with broadly-shared goals but potentially
very different corporate cultures, strategic plans, and legal mandates,
neither document attempts to specify a technology development
timeline that would apply to all contributors. However, collaborating
entities may work together in the future to produce one or more T-Plan
timelines to provide guidance to the R&D community regarding logical

Probert, D.R., C.J.P. Farrukh, and R. Phaal, Technology roadmapping -
Developing a practical approach for linking resources to
strategic goals. Proceedings of the Institution of Mechanical
Engineers, Part B: Journal of Engineering Manufacture, 2003.
217(9): p. 1183-1195.

time-sequencing of R&D activities. Such future collaboration will Phaal R, Clare J. P. Farrukh and David R. Probert, Technology
benefit from the expertise consolidated within the pages of the roadmapping--A planning framework for evolution and
Collaborative Transmission Technology Roadmap. revolution, Technological Forecasting and Social Change,
Volume 71, Issues 1-2, Roadmapping: From Sustainable to
References Disruptive Technologies, January-February 2004, Pages 5-26.1
Probert, D. and Radnor, M. (2003), ‘Frontier experiences from industry- Probert, D.R,, CJ.P. Farrukh, and R. Phaal, Technology roadmapping—
academia consortia’, Research Technology Management, 42, (2), developing a practical approach for linking resources to
pp. 27-30 strategic goals. Proceedings of the Institution of Mechanical

Engineers, Part B: Journal of Engineering Manufacture, 2003.

Willyard, C.H. and McClees, C.W., “Motorola’s technology roadmapping Volume 217, (Number 9 ): p. 1183-1195

process,” Research Management, Sept.-Oct., pp. 13-19, 1987.
Winebrake, ].J., Technology roadmaps as a tool for energy planning and

policy decisions. Energy Engineering: Journal of the Association
of Energy Engineering, 2004. 101(4): p. 20-36.

Phaal, R., Technology roadmapping - A planning framework for
evolution and revolution. Technological Forecasting and Social
Change, 2004. 71(1-2): p. 5-26.

Phaal, R., Public-Domain Roadmaps Centre for Technology

Kostoff, R.N. and R.R. Schaller, Science and technology roadmaps. IEEE Management, University of Cambridge, 2009(July 7).

Transactions on Engineering Management, 2001. 48(2): p. 132-
143.
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TECHNOLOGY READINESS LEVELS

Technology Readiness Levels (TRLs) establish an objective scale for
evaluating the relative stages of a project’s technology development.
This methodology allows for consistent comparisons between different
types of technologies across a range of maturity levels, from low
maturity or basic research (TRL 1) to the high maturity of a ready-to-
implement technology (TRL 9).

The National Aeronautic and Space Administration (NASA) originally
developed the TRL approach in the 1970s to manage their space-
related technology R&D, and the concept has since been widely
adopted in other industries. In the electric utility industry, for example,
the U.S. Department of Energy’s Advanced Manufacturing Office (AMO)
applies TRLs to “guide disciplined decision-making throughout the
technology development pipeline” and to provide a “rigorous approach
... to track the progression of each project and activity, from applied
research to commercialization.”* Adapted from NASA’s scale, the DOE
AMQO’s stages are represented in Table 2:

1 “Technology Readiness Levels (TRLs),” U.S. Department of Energy’s
Advanced Manufacturing Office, available at
http://www1.eere.energy.gov/manufacturing/financial /trls.html,
accessed Sep. 9, 2013.

Table 2: Technology Readiness Levels (TRLs)

Phase TRL Definition

1 Basic Research

2 Applied Research

Innovation
3 Critical Function or Proof of Concept
Established
4 Laboratory Testing/Validation of
Component(s)/Process(es)
g'm;rgl;lg , 5 Laboratory Testing of Integrated /Semi-
echnofogies Integrated System
6 Prototype System Verified
Systems 7 Integrated Pilot System Demonstrated
Integration 8 System Incorporated in Commercial Design
Market 9 System Proven and Ready for Full
Penetration Commercial Deployment

After careful consideration about whether to utilize the TRL scale, the
BPA-EPRI Project Team elected not to apply it to the R&D Programs
identified in this document. The following factors led to this decision:

= Inherent subjectivity of soliciting this information from
workshop participants. The purpose of Workshop 2 was to
optimize the time and contributions of a core group of industry
subject-matter experts. These participants would be capable of
providing accurate TRLs for projects in which they were
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involved but for other projects their TRL assessment would
likely not be as accurate. Therefore, rather than devote
valuable workshop time to gathering intrinsically questionable
data that would require fact-checking by the Project Team,
assigning TRLs was not made a part of the Pilot Project.

= OQOutside of the scope of this pilot project effort. The scope of
the pilot project was defined as specifically as possible, with
the objective of maximizing its likelihood of success—the team
did not want to “bite off more than it could chew.” The pilot
was therefore defined to deliver results while maintaining the
quality of the information and managing team resources
effectively. It is understood that TRLs can be highly useful
metrics in a roadmap because they provide insights into the
time dimension, which can help frame technology development
needs articulated in terms of drivers, capability gaps, and key
research questions. Because of their importance, the Project
Team will consider inclusion of TRLs as part of future
extension of this Collaborative Transmission Technology
Roadmap.

There are many opportunities to build upon the success of the pilot
project. These include a TRL assessment of technologies and inclusion
of additional Technology Areas that were originally identified as lower
priority by the participating organizations. In addition to capturing
lessons learned, additional opportunities could be identified as part of
the pilot project closing activities.

References

“Technology Readiness Levels (TRLs),” U.S. Department of Energy’s
Advanced Manufacturing Office, available at
http://www1.eere.energy.gov/manufacturing/financial /trls.ht
ml, accessed Sep. 9, 2013.

“Technology Readiness Levels - A White Paper,” John C. Mankins,
National Aeronautic and Space Administration, April 6, 1995.

“Technology Readiness Assessment (TRA)/Technology Maturation
Plan (TMP) process Guide,” U.S. Department of Energy Office of
Environmental Management, March 2008.

“An Alternative to Technology Readiness Levels for Non-
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Mellon Software Engineering Institute, CMU/SEI-2004-TR-013,
April 2004.

“Technology Innovation, Development and Diffusion,” Environment
Directorate, International Energy Agency, June 3, 2003.

“Technology Readiness Index (TRI) - A Multiple-Item Scale to Measure
Readiness to Embrace New Technologies,” A. Parasuraman,
Journal of Service Research, Vol. 2, No. 4, May 2000, p. 307-320.
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HoOWw TO USE THIS ROADMAP

The Collaborative Transmission Technology Roadmap is a reference
tool designed to be a living, working document. It was not crafted with
any expectation that it would be read from beginning to end like a
traditional report or narrative. Rather, its design allows for quick
reference of technology development research agendas in relation to
specific products and services.

The content herein is organized into five main sections based on the
priority Technology Areas that principals from the participating
organizations decided upon in May 2013. The five sections are:
Planning and Operations
1. Simulation Study Tools, Techniques, and Models

2. Situation Awareness

Engineering and Asset Management

3. Condition Monitoring, Inspection, Assessment, and
Maintenance

4. Field Practices Data Acquisition, Transmittal, Analysis and
Mining
Cross-functional Areas
5. Data Acquisition, Transmittal, Analysis and Mining

There will also be a forthcoming appendix that contains process
documents for all of the workshops held as part of this pilot project.

Disclaimer

Some roadmaps, project summaries, and appendix pages identify
specific vendors, commercial products, or proprietary systems and
technologies. BPA, its partner institutions, and other stakeholders
make these references solely for context; these references do not
constitute endorsement on the part of BPA, the Department of Energy,
or any stakeholder involved in the creation and refinement of these
roadmaps.

Roadmap Portfolio “Swim Lane” Definitions
Roadmap diagrams are composed of the following four “swim lanes”:

Drivers: Critical factors that constrain, enable, or otherwise
influence organizational decisions, operations, and strategic plans,
to include: existing or pending regulations and standards; market
conditions and projections; consumer behavior and preference;
and organizational goals and culture, among others.

Capability Gaps: Barriers or shortcomings that stand in the way of
meeting Drivers.

Technology Characteristics: Specific technical attributes of a
product, model, system, etc., that are necessary to overcome
Capability Gaps. To be included in the technology roadmap these
will either be: Commercially Available but facing technical barriers
needing to be addressed; or Commercially Unavailable and needing
to be developed.

R&D Programs: The iterative process undertaken at universities,
national laboratories, some businesses, and related organizations
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to generate new ideas, evaluate these ideas, and deliver the needed
Technology Characteristics. This represents current and planned
R&D intended to develop models and prototypes, evaluate these in
laboratory settings, demonstrate them in the field, and conduct
engineering and production analyses. The generic abbreviation
“R&D” is to be understood as including, when appropriate, design,
deployment, and demonstration in addition to research and
development

What is the difference between a “Technology
Characteristic” and a “Capability Gap?”

A food processing company finds that the machine it currently uses to
peel potatoes removes a significant amount of the flesh of the potato.
Removing too much of the flesh reduces the yield of each processed
potato and this reduced yield means that the company is not getting as
much saleable product out of each unit of potatoes. The company must
also pay increased costs to dispose of their wastes.

Faced with this situation, the company is facing three Drivers: 1) the
desire to increase processing efficiency; 2) the desire to reduce product
unit costs; and 3) the desire to reduce waste disposal costs.

Motivated by these drivers, company officials are seeking a solution
that will improve the yield of their potato peeling machine . This is
their Capability Gap: A peeling machine that is more efficient than
existing technology.

Company officials take their request to their engineering team and ask
them to develop a solution that will overcome the capability gap and,
thereby, meet the three drivers. The engineering team applies their
technical expertise to suggest that if they were to reduce the thickness
of the peeler cutting blade they would be able to meet the
requirements and overcome the capability gap. Thus the engineers
have established a Technology Characteristic.

The engineers’ next step is to commence an R&D Program in which
they investigate the kinds of metal they could use to create thinner
blades and then test these blades.

The diagram below illustrates this example:

Increase
processing What are the reasons
efficiency to change?

A potato peeling
machine that is more
efficient than existing
technologies

What are the barriers
to change?

What are the
technological solutions
needed to overcome
barriers to change?

Thinner peeler
cutting blades

What are the research
programs and key
research questions to

Produce thinner cutting
blades using the most
appropriate type of metal

pursue to develop

ACME, Inc. technological

solutions?
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ROADMAP KEY

Transmission Services

Product/Service Area Product or Service Area Title Roadmap Portfolio
DRIVER
Drivers Driver identified for the linked Capability Gap(s)
CAPABILITY GAP
AR Product or service performance gap needing to be
Cagablllty addressed; linked to Driver(s) above and
aps Technology Characteristic(s) below
AVAILABLE TECHNOLOGY CHARACTERISTICS UNAVAILABLE TECHNOLOGY CHARACTERISTICS )
This symbol references
th d
Technology Technology Characteristics available in the Technology Characteristics needed to address the pro\?idi?\rgr?nasigqh?s]sinto
Characteristics marketplace needed to address the Capability Gap(s) Capability Gap(s) above and not currently available in the the linkages
above but that are facing technical barriers marketplace
R&D PROGRAM DESCRIPTION
R&D programs needed to develop the Unavailable Technology Characteristics linked above or
R&D to help overcome technical barriers that Available Technology Characteristics are facing
Programs EXISTING R&D PROGRAM(S)
R&D in progress; shown connected to an R&D Program box only if an R&D program or
project has been identified for the R&D need

- Driver - Commercially Available Technology - Existing R&D Program or Project

- Capability Gap - Commercially Unavailable Technology - R&D Program Requirement
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R&D Program Summaries

R&D Program Title. Brief summary of R&D program needed to develop the
associated Unavailable Technology Characteristics or to help overcome technical barriers
that Available Technology Characteristics are facing..

Existing research: Institution(s) listed where R&D program(s) are ongoing.

= Brief descriptive summaries of each institution’s R&D program that may include,
where applicable, hyperlinks to web pages and/or reference to further program
details.

Key research questions:

1. One or more research questions that subject matter experts have identified as
among the key questions and topic areas to pursue within the R&D program or
project; numbers provided for identification only and do not imply
prioritization.

R&D Program Title. Brief summary of R&D program needed to develop the
associated Unavailable Technology Characteristics or to help overcome technical barriers
that Available Technology Characteristics are facing.

Existing research: None identified.

Key research questions:

1.  One or more research questions that subject matter experts have identified as
among the key questions and topic areas to pursue within the R&D program or
project; numbers provided for identification only and do not imply
prioritization.

Collaborative Transmission Technology Roadmap
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ORGANIZATIONAL CHART

The five Technology Areas that served as the focus of the Collaborative
Transmission Technology Roadmap pilot project encompass areas of
critical interest to transmission owners and operators, but by no means
do they represent the full breadth and depth of important
transmission-related topics. To help frame the complex
interrelationships to be found in these topics while also articulating
some agreed-upon boundaries among complex and interrelated topics,
the project team developed the “organizational chart” represented in
the four pages that follow.

Recognizing that often there are not clear delineations between topics
and that different groups of subject matter experts might categorize
these topics differently (and as effectively), the project team prepared a
first draft of this organizational chart for the May 2013 Principals’
Meeting. This first version integrated the work that BPA and EPRI had
done over the previous few years to develop transmission technology
roadmaps. The project team presented this draft structure to the
principals of the collaborating organizations as a place to begin

dialogue and as a way for the principals to select a discrete set of five
Technology Areas on which the pilot project would focus. After the
Principals’ Meeting, participants of Workshops 1 and 2 were also
presented with versions of this organizational structure and invited to
revise, re-title, and re-organize individual roadmaps as needed.

The results of this ongoing dialogue is to be found the pages that
follow—and the project team recognizes that this organizational
structure will be a work-in-progress that contributors will revise as
necessary to ensure that the content of this roadmap reflects the latest
expertise and serves industry’s needs most effectively.

The first image below provides the strategic context for the three pages
that follow, The “Strategy” and “Vision” rows are broad categories of
drivers that generally apply to all transmission providers. Under this is
the Collaborative Transmission Technology Roadmap, composed of
sectors, sub-sectors, and individual roadmaps within the sub-sectors.
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STRATEGY, VISION, AND STRUCTURE OF THE
COLLABORATIVE TRANSMISSION TECHNOLOGY ROADMAP
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Sector

Sub-sectors

Technology
Areas

Roadmaps

Planning and Operations

o e e
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Operate

Integration of

Vs

Integration of

Variable Load and
Generation Novel
and Novel Demand-side
Supply Side Resources
Resources

End Use
(Customer /
Utility) Devices
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Resources

Simulation Study
Tools, Techniques, &
Models

System
Control

Congestion
Management

Generator
Modeling

Load
Modeling

Risk-based
Study Tools

Power
System
Model
Validation

Integrated
Planning /
Operation /
Protection /
Engineering /
Design
Modeling
Database
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\

B ———
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Management

Wind
Power
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Power
Flow
Controls

Power
System
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Management
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Real-Time
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o5 T Ry

s

e
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Pilot Project
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Roadmaps chosen for
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Sector

Sub-sectors

Technology
Areas

Roadmaps

Mana

Engineering and Asset

ement

1
1
1
1
1
U

y2 \
New Improved Design iR
Components and . Utilization of Field Practices
. and Construction .
Materials Rights of Way
Design for Fall
Self-healing leg High Protection
Working Voltage DC
. Barehand
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Materials

Advanced
Conductors

Superconductivity

Vandal
Resistance

Electrical
Effects

Computerized
Design Tools
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Automation

Fault
Current

Improved
Ratings

Underground
Transmission

Maintenance

Protective
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and Bonding
Practices

Vegetation
Management

o
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N -
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Condition Monitoring,
Inspection, Assessment,
and Maintenance

Corrosion
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Life
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\
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-
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Technology
Areas

Roadmaps

Cross-functional Areas
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Analog / Digital
Changeover

Aging Equipment &
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PLANNING AND OPERATIONS

SIMULATION STUDY TOOLS, TECHNIQUES & MODELS

Description of Simulation Study Tools, Techniques, and Models
Technology Area

Simulation tools, techniques and models are used to perform studies
such as power flow, stability, short-circuit, voltage stability, real-time
contingency analysis, protection control setting, electromagnetic
transients, etc. Examples of technology needs include the development
of models for novel equipment, model validation, integrated planning/
operations/engineering/design modeling data and tools, risk-based
study tools and techniques, and advanced computing techniques, etc.

Section Summary

One observation from the participants in this area is that the out of the
five roadmaps identified in Workshop 1, four are focused on models,
while only one is focused on study tools, and that too, covers only risk-
based study tools. For comprehensive coverage, another roadmap
needs to be added to cover advanced study tools needed by the
industry (e.g., advanced computing techniques, frequency response
study tools, etc.), an area that could be explored in future revisions of
the roadmap.

Integrated Planning/Operation/Protection/Engineering/Design
Modeling Database

A significant utility challenge is to achieve consistency across all
operations and planning. One way to achieve this could be to take all
data used in power system modeling and create a single baseline data
set. For instance, there are utility examples where multiple groups have
different line impedances, possibly resulting in inconsistent modeling
results. A unified data set may mitigate this problem. There is not yet
available a comprehensive, commercially available solution to achieve
such a result. EPRI, WECC, and Siemens are working on parts of this
problem, and there is an IEC effort on data coordination.

Power System Model Validation

In order for study tools to provide useful information to decision
makers, they must start with good data. There is work that can be done
to improve the data feeding into the study tools. WECC has existing
activities in place to improve Power System Modeling.

Generator Modeling

The way in which generators are dispatched is changing. There are five
existing research programs, but there are some additional questions
that are not yet addressed in the roadmap:

Collaborative Transmission Technology Roadmap
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o The wind predictor was not specifying the time frame.

e Enhancement of dynamic models.

New programs identified include: 1) investigate inter-area mode
damping torque for stability and 2) improve modeling of generators
for economic dispatch (ramping and environmental impacts of
ramping).

Load Modeling

Load modeling is a very uncertain area because of the complex
interaction between load and the grid itself. It is important to
determine the composition of the load by sector (commercial,
industrial, and residential) in order to have accurate modeling results.
Another complicating questions is how much influence do inverter
(power electronic) loads have on grid reliability?  There are
measurement- and component-based models for load. How can a utility
engineer identify the critical parameters for load modeling under
different measurement methods? This roadmap identifies six existing
and two new research programs.

Risk Based Study Tools

This is an extremely large and emerging area. There could be hundreds
of research questions and technologies that potentially apply. This
makes it a difficult subject to frame.

There are many single-purpose models for this multi-purpose problem
area. There is a need for a multi-purpose model or to way to integrate
the single purpose models. Technologies for high-performance
computing and algorithm improvements can help speed up the
calculations and make them more accurate. Improvements to Monte
Carlo approaches can also help. Parallelizing computing can help make
risk based tools faster. Tail events are an area of focus, because they
represent the outlying, abnormal conditions, which is where work

needs to be done. The mean time before failure (MTBF) and other
measures are indicative of deviations from normal conditions, but we
need to understand the risks (probability multiplied by impact) of
extreme events. There is a recent Northwestern U.S. event of a double
outage, which was rare.

There is a nexus of fuel supply and electric supply; natural gas supply,
deliverability, and availability. Coordination of hydro, gas, and weather
is beginning to be important. There are many reasons for interactions
with supply, including the way that weather affects both variable
generation and hydro generation. Transmission owners and operators
need models to consider these properly for correlations and
interdependencies.

Operators know that forecasts are imperfect, while dispatch uses
deterministic decision-making techniques that do not necessarily
hedge for uncertainties. How can transmission owners and operators
model the risk associated with changing policy decisions? How can
they adapt regulation to a given risk framework in order to improve
efficiency and reliability? Current regulations are not conducive to
using a risk-based approach to planning. Further, methodologies are
needed to help decision makers define the acceptable level of risk.

The following items were identified at the workshop as being
important (parking lot) but were not included in the roadmap:

e Define uncertainty

e Measure of flexibility, reliability, adaptability

e Science of uncertainty - quantify algebraically, mathematically
e Stochastic models into tools

e Tools into action/consequences

e Interoperability with data

e Integrated operations/planning study environment

November 2013
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The diagram shown in Figure 3 depicts one way of representing Risk
Based Study Tools graphically based on the content of the roadmap.

Potential Solutions

Transmission Lines
Power Flow Controls
HVDC
WACS
Non-wires

Demand Response

Future Scenarios

Loads
Generation
Technology

Policy

More Sophisticated
Planning Models

Data Sources
Historical Perf.

Econ. Forecasts
Demographics

High Volume Study
Environment
New Methodologies for
Identifying Future
Scenarios and
Quantifying
Performance, Risk,
Cost, and Flexibility of
Possible Solutions

Optimized Solution
Cost
Risk
Flexibility

Figure 3 - Graphical depiction of Risk Based Study Tools
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The insights and observations above were distilled from the input of

the following subject matter experts who participated in Workshop 2:

Mike Agudo, Western Area Power Administration
Philip Augustin, Portland General Electric Company
Gil Bindewald, U.S. Dept. of Energy

Daniel Brooks, Electric Power Research Institute

Jay Caspary, Southwest Power Pool, Inc.

Juan Castaneda, Southern California Edison Company
Dave Cathcart, Bonneville Power Administration

Joe Chow, Rensselaer Polytechnic Institute

Kara Clark, National Renewable Energy Laboratory
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Transmission Services

Product/Service Area: I. Simulation Study Tools, Techniques, and Models Roadmap Portfolio

D2 Build and operate a reliable and
economic power system

D5 Need to get more complex
operational issues resolved faster, thus
requiring system analysis and
modeling tools, computational speed
and skilled personnel.

I

D4 Lack of consistencyin system
| models used to conduct power system
|
|

D3 Model data entry and extraction
errors, due to multiple users developing
and maintaining separate model databases
representing the same physical system

D2 Build and operate a
reliableand economic power
system

D1 Comply with NERC and
other regulatoryreliability
standards

analyses for Planning, Operations Planning
and Operations applications, due to multiple

1

1

1

1

1

1

: 1
Drivers [ Ao

1

1

1

1

1
: models and modeling databases

: D6 Ensure consistency betweenthe
| | assumptions usedin developing system
1 models for planning applications and for
1 1 operations applications
1
1
1

Capability
Gaps

CG3 1) Reliablesource for 1
topology/impedance model. 2) 1
performance for changing generation, 1
based on RT SE topology/impedances. 3) 1

1
1
1

CG1  Application to identifyand/or
fix bad data (data quality control)

times for modeling

modeling
Better accuracy of breakers/bus model; 4)
PMUs for load and generation parameter ID

1
1
CG8  Need for shorter turn-around : CG7  Need for real-time
1
1
1

CG4 Dalabasegru cture that A
contains all physical system

1
® CG5  Softwaretools to export needed :

1

I | attributes and allows for export to

1

1

1

cG2 Baseline Understanding of the application model from physical system data

1

1 | C e CG6  Better State Estimator
: System (Power System Performance) base for all operations, planning, design and

1

1

Models using common 0
protection applications (e.g. SE, Power Flow, parameters :,

1 specific applications and allows for
Short CKT, Ratings, etc.)

single-point updates

Technology B
Characteristics

TC4  "Unified Modeling Approach: A TC1  Databaseheeds toinclude

O TC3  Unified Model Database: The unified modeling approach for both a Iibkraryﬁf Tltandard mo[;iels thgt
ari database will essentiallybe comprised of i q i work with all major venders an
TC2  Databasewillincludea o i operations and planning which enables R
quick check of data to determine Fcoccmmonldatabaseiommat UaliEs ey CEEEEs O e convergence of planning and operations. pendorsinstpiovideparameleis

for access by multiple groups that
will comply with IEC 101968 (or

that work with database. Identify

breaker/node model database, Planned
these parameters

|
0 1
! 1
! 1
! 1
! 1
1 | b
if entered values are physically 1 1] futare system additions. dynamic database Methods and tools unify bus/branch and
possible. Onefinal check of data : IEEE version in future) whichworks | '| The modyel il eveen intgrfacewith ihe node/breaker models seamlessly What
before everyone usesit. This list i with all major operating systems :
1
! i
! 1
! 1
! 1
1
L

EMS SCADA database for real time th!s unified modeling allows is to
ggfe?rn?m:tders has yet to be measurements with an integrated network (directly) compare what planners and Tce Standard practice for data
application environmentthatincludes a operators see without any model collection (parameters, conditions)
closed loop update. conversion, data mapping or manual Hetermined potentially'by NERC
scripting process."

Fmmmmmm e mmm e m

R&D

Programs
RD1 IEC 61968 Compliance RD2 BCCSand WSM Reconciliation .
Project RD3 Unified/Common
Alstom CIM-based standard. Siemens Model Building Database
PSS ODMS IEC 61968 common WECC/TSS 9
information madel

- Driver - Commercially Available Technology - Existing R&D Program or Project

- Capability Gap - Commercially Unavailable Technology - R&D Program Requirement
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R&D Program Summaries

IEC 61968 Compliance. Database tools to comply with IEC 61968 (or future
IEEE version).

Existing research: Alstom CIM-based standard. Siemens PSS ODMS IEC 61968 common
information model..

Key research questions:
2. Database formatting?

3. Data source user compatibility?

Base Case Coordination System (BCCS) and WSM

Reconciliation PI‘OiECt. Reconciliation between planning and operation cases
and the state estimator.

Existing research: WECC Technical Studies Subcommittee.

Key research questions:

1. Base case must be compatible with all planning software.

2. Full topology representation.

Unified/Common model building database. summary not yet
provided.

Existing research: None identified.

Key research questions:
2. Questions not yet specified.
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Transmission Services
Roadmap Portfolio

Product/Service Area :

|. Simulation Study Tools, Techniques, and Models

—_— e e e e e e e e e e e e e e e e - - - - - - — === =y

r
| i
1
I I 1 Vo 1 !
. | ; ! |p3 Historical outages 1 N D4 Needto know system  'ps Emerging
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Drivers | |other regula?o¥y reliability (| Pl il I Sysism e Ittt I | : D2 Build and operate topdrivet%egridm its Iirr?its:tighter H : IERSISSEm Mot
d - 1 | model o I | manpower/resources should | + * | | 3 reliable and economic RTINS GV OMNESE o AEEME RG] technologies for controlling
standards MOD-B requires ' £ Jdef b d | 9| Y [ fl d
I'| system model validation P T EES, L |02 TIPS i 1 1| power system trustin operating limits and margins |1 | [ POWer flow and supporting
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1 Lm oo -_--- | I — _— - - - - - il H 00
1 ] PR |
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: ------------------------- [N Y 1
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EeGezded "‘gc\'lr;iz’:tg Lﬁg?g;ﬁ:se_ | | asystem event. (This is currently averylong | ' ||simulation resultsare valid for | 1 CG(:I7FA’E‘:?|'eSd ford ?”%'CIHVDC
o Update DFRS to capture measurements | | | (Months, even a year) process and cannotbe || | | power flow, dynamic stability ! an models that can
Capab I Ilty that can validate dynamic models 1 | automated.) Ability to validate system model |, | and production cost i represent behavior of various
& ! | across multiple events 1 simulations quickly? | vendo_r/control mod_es for _
aps :_ 1 1 planning and operational studies
________________________ b e A ___
CG6 Make devVelopmentand
maintenance of accurate State
Estimator models less costly,
in terms of both $ and
manpower requirements
[Coocoooooos
i 1
1 I H :
: : TC3  Model Accuracy - Accuracy of TC7  Algorithms and/or tools I |TC6 Generic dynamic models 1
1 | TC5  Simultaneous dynamic 1| existing models used by Reliability and/or charts/metrics for (power |' |for HVDC and Facts, different !
Tech no |ogy 1 | data estimation and model ! | Coordinators (e.g. WECC), Transmission flow, dynamic production cost, : vendor/control models can be :
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Characteristics i | Planners for planning and operations reasonability 1 |in the database 1
1 1
: Y a |
1 1
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RD1 Development and Demonstration
of Applications for BPA and FCRPS
Compliance with Modeling Standards
and Performance Monitoring

BPA TIP 274 - (TRL-8)

RD5 WECC Model Validation

R&D
Programs

WECC/EPRI

- Capability Gap

- Commercially Available Technology

- Commercially Unavailable Technology

- Existing R&D Program or Project

- R&D Program Requirement
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R&D Program Summaries

Monitoring. July 2013: The objective of this project is to develop and integrate a
comprehensive set of model validation and performance monitoring tools for BPA and
Federal Columbia River Power System (FCRPS) participants. The FCRPS participants
include Bonneville Power Administration (BPA), US Army Corps of Engineers (US COE)
and US Bureau of Reclamations (US BOR) who operate hydro power plants in the Pacific
Northwest.

Existing research: BPA Technology Innovation Project (TIP) 274 is at Technology
Readiness Level (TRL) 8 as of July 2013.

. Deliverables for this project include: Software for baseline model validation,
including documentation and training (SG-1A); Model library and project set-up
for baseline model validation (SG-1B); and Data and model management for
Power Plant Model Validation (SG-2A).

WECC Model Validation. validation base development, model Key research questions:
validation/calibration. 1. Development of validation cases using SE and EMS snapshots (done).
. . 2. Apps for model calibration/validation (under development, funded by DOE, U of
Existing research: WECC/EPRI. Wisconsin).
Development and Demonstration of Applications for BPA and Key research questions:
FCRPS Compliance with Modeling Standards and Performance 1. Question.
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Transmission Services

Product/Service Area: |. Simulation Study Tools, Techniques, and Models Roadmap Portfolio
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R&D Program Summaries

Results Systems. The first goal of this project is to develop an automated
mechanism to verify transient stability simulation packages, used by BPA for their system
analyses, against each other. This will be done by simulating WECC power system models
in different commercial software packages such as GE-PSLF, PowerWorld Simulator,
PowerTech's TSAT and Siemens PTI PSS/E. The overall objective of this proposed work is
to bridge the gaps identified in BPA’s transmission roadmap and further BPA’s cause in
optimizing their transmission grid, by facilitating better planning studies and the
consequent operational enhancements. This will be attained by increasing the confidence
in the dynamic simulation studies of the BPA system, by an integrated software-
verification and model-validation approach..

Existing research: BPA Technology Innovation Project (TIP) 268 is at Technology
Readiness Level (TRL) 6 as of July 2013.

Verification and Validation of Transient Stability Models and Key research questions:
1.

Develop algorithms to cross check generation information used in various
programs

Develop models and model structures that would be robust to integration
routines

Ability to handle ill-emditrured systems such as that deal with network metrics
with small regular values.
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R&D Program Summaries

BPA TIP299 Synchrophasor linear state estimator and PMU data | Key research questions:
validation and calibration. Summary not yet provided. 1. Questions not yet specified.

Existing research: BPA Technology Innovation Project (TIP) 299 slated to commence
during fiscal year 2014.

Generic Dynamic models for HVDC and Facts. The dynamic models will = Key research questions:

include different vendor/control modes by categorized them as templates and stored in a 1. Dynamic modeling of power electronics devices involved in HVDC and facts.
database. 2. Creating a template database for all types of vendor/control Modes.
Existing research: EPRI 2013/2014 Project P40.016 Model Development, Validation, and 3. The user specified information interface with the developed dynamic models.

Management. In 2014, this project will continue previous years' collaborative research
efforts between EPRI and WECC to develop generic models for HVDC and FACTS type
system components, with an objective to complete the model development and the
validation for HDVC-related components. As with the previous models developed through
this research project, the publicly available model results will be incorporated into
commercially available planning tools such as GE PSLF® and Siemens PTI PSS®E..

Simultaneous dynamic data estimations of model validation.To | Keyresearch questions:
investigate the feasibility of requirements for simultaneous estimation and identification. 1. Model validation and state estimation have always been done separately.

2.  The feasibility of a simultaneous computation in terms of measurement points

Existing research: None identified. and sampling rake

3. Benefits of improved accuracy and in prevention of cascading blackouts.

Collaborative Transmission Technology Roadmap 29



Transmission Services
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R&D Program Summaries

dispatch. Develop detailed characteristics of turbine-generator models such as
emission models of fossil units during ramping and life-cycle costs of decreased power
cycling.

Existing research: None identified.

3.

Improved modeling of turbine generators for economic Key research questions:
1.

2.

Assessment and gathering of emission data of fossil units during ramping.

2. Assessment of additional costs of TG operation for faster response and more
frequent response.

3. Computer tools suitable for advanced generator control.
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uct/Service Area : Roadmap Portfolio
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R&D Program Summaries

Recent project for BPA on enhancing dynamic models for wind. | Key research questions:
Ongoing Research Recent project for BPA on enhancing dynamic models for wind.. 1. Key manufacture data not proprietary.
2. Standard Template for properties.

Existing research: University of Illinois (Overbye). 3 Bad ler included i del
. asic controller included in model.

EPRI Power Plant Parameter Derivation (PPPD) Software Tool. | Keyresearch questions:

Use PMU and DFR data to derive synchronous generator parameter. Extend the algorithm 1.  Questions not yet specified..
and technique to be able to derive modeling parameters for renewable generation.

Existing research: This is an ongoing existing activity that encompasses technology
deployment and development stages..

Develop generic (public) models for WTG and solar-PV to be Key research questions:
implemented in commercial power system simulation tools for 1. Questions not yet specified.
planning. Develop simple tools and methodology for model
validation. Summary not provided.

Existing research: EPRI Project P173.003 Variable Generation Modeling and Validation;
2013 R&D work to be continued into 2014/15 timeframe.

Power Plant modeling and (BPA) Performance monitoring. Key research questions:

Establish capabilities for baseline testing and model development. Establish capabilities 1.  Questions not yet specified.
for TP/TO, perform power plant model validation/performance monitoring. BPA has
40+PMU monitoring points (20GW) capacity. BPA developed and deployed power plant
model validation (PPMV) application. BPA is expanding capabilities to model wind
generation - collaboration with NREL, UUIG, Enernex, and EPRI.

Existing research: None identified.
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Determining inter-area mode damping torque for individual

generators in real time. Use PMU data, computation (or measurement) of
generator rotor angle.

Existing research: None identified.

Key research questions:

1.

2.
3.
4

Feasibility of this technology.

Amount of PMU data needed (sampling rate, etc.).

What kind of PMU data?
What recording capabilities/Requirements?
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Transmission Services

Product/Service Area: |. Simulation Study Tools, Techniques, and Models Roadmap Portfolio
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R&D Program Summaries

EPRI/XEEL: community energy storage. 25 kw/50kwh sodium nickel
chloride + 4 homes (4kw PV ea.) + real/real-time load.

Existing research: EPRI.

Key research questions:

1.

2.
3.
4

Ramp rate limiting.

Smoothing.

Load Shifting.

What is the output share based on mode (charging/discharging)?

EPRI/KEEL: Solar-2-battery. 1IMW/1.5Mwh + 800 Kw PV at substation level.

Existing research: EPRI.

Key research questions:

1.
2o
3.

Ramp rate limiting.
Frequency Regulation/Smoothing3. Load Shifting.

What are the output shares, based on mode (charging/discharging)?
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R&D Program Summaries

Exploiting Emerging Data for Enhanced Load Modeling (S-49). Key research questions:

July 2013: This project investigates mechanisms to exploit emerging PMU and smart meter 1. Estimate load characteristics using PMUs.

fiatasets Fo enhance load and demand model.ing. The new datasets contain a wealth_ of 2. Develop suitable technique for getting data from PMU.
information yet unexplored, which can provide the means for powerful load analytics, and
a platform for the development of novel power system analysis methods. This project
addresses three key challenges in power systems load modeling that can be overcome by
relying on novel data and recent algorithms: a) PMU-based dynamic load modeling and
dynamic state estimator, b) Smart meter-based load modeling and analytics through data
mining, and c) Signature-based load identification and sensing requirements for load
composition determination. The enhanced load models and load modeling methodologies
resulting from this research will provide superior understanding of emerging power
system behavior, and better models for enhanced control, operations, and power system
planning..

3. Find algorithms to identify signature from differing components.

Existing research: PSERC.

BPA TIP 283 Impact of power electronic loads on grid stability. | Keyresearch questions:
Summary not yet provided. 1. Questions not yet specified.

Existing research: Bonneville Power Administration (BPA) Technology Innovation
Project (TIP) 283 slated to commence during fiscal year 2014.

Dynamic model of variable speed drives (VFD) and motor Key research questions:

systems during system distributions. The dynamic model of VED and motor 1. VFDsare treated as constant power loads, during existing dynamic modeling,
systems can be developed for different types of VFDs currently in operation. Such model is dy_n.amlc responses for ride-through VFDs during distributions are needed by
suitable for power system dynamic studies, will be expressed by transfer functions. utility company.

. . » 2. Consider different types of VFDs from different vendor/control methods.
Existing research: None identified.
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R&D Program Summaries

WECC Composite Load Model CMPLDW. Develop and deploy composite Key research questions:
load model. 1. Better understanding of AC stalling.

2. Validation of AC stalling.
Existing research: Phase 1 is implemented in WECC; key research questions pertain to alication ¢ staliing
Phase 2. 3. Integration of DG in CMPLDW.
4

Tools for load data management.

Exploiting Emerging Data for Enhanced Load Modeling. This project = Key research questions:
investigates mechanisms to exploit emerging PMU and smart meter datasets to enhance 1.  Questions not yet specified.
load and demand modeling. The new datasets contain a wealth of information yet
unexplored, which can provide the means for powerful load analytics, and a platform for
the development of novel power system analysis methods. This project addresses three
key challenges in power systems load modeling that can be overcome by relying on novel
data and recent algorithms: a) PMU-based dynamic load modeling and dynamic state
estimator, b) Smart meter-based load modeling and analytics through data mining, and c)
Signature-based load identification and sensing requirements for load composition
determination. The enhanced load models and load modeling methodologies resulting
from this research will provide superior understanding of emerging power system
behavior, and better models for enhanced control, operations, and power system planning.

Existing research: PSERC 2012-2014 Project S49.
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R&D Program Summaries

from distribution systems.

Existing research: Composite load modeling WECC.

1.

U1 W N

Load Modeling Parameter collection. Accessible tools for deriving data Key research questions:
Robust modeling parameters load/demand response modeling.

Transient simulation tools accounting for distribution.
Measurement based parameter estimation.
Dynamic modeling of renewable template based.

Energy storage solution modeling.
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uct/Service Area :

Drivers

Capability
Gaps

Technology

R&D
Programs

Characteristics i

boodboocoocoooos

CG3 Need to understand
full range of load model
sensitivities

- Capability Gap

|. Simulation Study Tools, Techniques, and Models

D3

system utilization

Operating system closer to

D2

Build and operate a reliable
and economic power system

D1

Comply with NERC and 1
other regulatory reliability 1

1

1

1 . " P

1 voltinstability as we maximize
1

1

1

CG6

(ride-throug

O rcGaNeed to {iderstand more
precisely how non-wire solutions
(such as Energy Efficiency,
Demand Responses and
Distributed Generation) impact
hourly and seasonal load shapes

1
1
1 standards
1
1

D4 Changing nature of loads
(e.g. power electronics,
residential A/C), which has
greater impact on stability

D5 Increasing amounts of
distributed generation (Rooftop
PV, etc.)

Need to understand
dynamic behavior of
individual load components

h, etc.)

|[CGT Need for
1 understanding % residential,
1| industrial & commercial load at
!/ transmission load buses for
| mapping load model
| L.compositions
1

1
1
CG7 Need consistent | |
assumptions in load |
model 1
1
1
1

CG2 Need to
understand and
accurately reflect
composition of loads
(static and dynamic)

TC1

speed drives during
disturbances

Dynamic behavior of
induction motors and variable

TC6 Measurement based
power meter estimation
model validation

TC7 Dynamic load
models for industrial
facilities

RD9

Model Development,
Validation and Management

EPRI 2014 Project P40.016

- Commercially Available Technology

- Commercially Unavailable Technology

CG5 Need methods, tools and
measurement data to perform

"top down" measurement-based
load model parameter derivation

TC5 End use equipment
testing (A/C units, power
electronic loads, etc.)

r
Roal

smission Services

dmap Portfolio

|

|

|| CG11 Need to understand
| end-use protection and

| control systems
|
1
|

- Existing R&D Program or Project
- R&D Program Requirement
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R&D Program Summaries

Model Development, Validation and Management. Evaluate the Key research questions:

feasibility of adding the air conditioning motor stalling features of the WECC complex load 1.  Questions not yet specified.
model (cmpldw) to the EPRI Load Model Parameter Derivation (LMPD) software tool and
explore options for enhancing the LMPD optimization algorithm.

Apply LMPD to new and expanded disturbance measurement data sets to develop regional
and seasonal load composition trends and find the sensitivity of various model parameters
to the initial estimates and bounds of the optimization algorithm.

Evaluate the use Trajectory Sensitivity Analysis (TSA) to incorporate consideration of the
uncertainty and variation of load characteristics in planning studies to gain a greater
understanding of the impact of variations in load-model compositions and other critical
parameters to the expected response of the power system.

Existing research: EPRI 2014 Project P40.016.
= Example
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Transmission Services

Product/Service Area: |. Simulation Study Tools, Techniques, and Models Roadmap Portfolio

|
i : :
1 .
D6 Need to consider low 1 D1 Greater uncertainty in the ;i f D2 Transmission assets are
! IO
1 | probability high impact events 1 planning horizon. Need a plan Pesg']al chiﬁzgcéi‘igcﬁﬁmalngnwd long-lived and require long lead- :
0 I'| due to high impact of outages on | robust with respect to diverse erEmiesien [Hes ruEie time; so, they need to work with |
Drivers : consumers 1 future scenarios multiple future scenarios |
1 |
|
Loscod —  tcooocoooog A v _____ J \
b . - T T ETEEEEEEEEEEEEEEmEEm—-
i D —_—— e = - ——
e | N k--mmmmmmm oo T R [
1 A T 1
' 'cG3 Evaluation of power system () G et bl siiElealis . : : CG7 Need to perform risk-adjusted 1
1 f 5 between current state and long ; ; h I|
1 | performance versus associated risk N o vesimans (o eeilise |1 economic assessment of wide variety
1 | level, and adjustment of planning (eI I i e CU e p U of solutions from transmission build : |
anR ; k I -
Capab”'ty : requirements to reflect risk versus 1 deterministic approach to future |1 | to power flow controls to non-wires "
| | performance aspects (reliability) | | risk-based approach (strategic) || ! (economic) :
Gaps | o il
beccoooocooooocmoooooood R ey (] '
1
CG2 Need defense-in-depth 11 €GB Need for strategic planning q
capability for dealing with low || methodology and tools to evaluate the |
probability high impact events 1| full range of future supply-side and !
(reliability) I demand-side scenarios (strategic)) H
1 1
[cocooococooooooonooanonana! FToocoooooooacooooo =
1
Techno lOgy : CI7 Software tools/models that | TCZ8 K
Characteristics 1 | incorporate physical phenomenon TC10 Solutions to address 1 transmission generation that
1 | driving some HILF types (e.g. EMB, low probability high impact 0 incorporates risk reliability and
1| EMP, etc.) to allow analysis of causes (such as GMD, EMP, cascading : flexibility cost/benefit for wide range of
: and impacts (e.g. GIC calcs, wide-scale outages) I aggregated/bracketed set of possible
| barmonic analysis. etc) 1 future scenaria.
e e e e e 1

TC12 Redispatch capability;
Stochastic robust unit
commitment and economic

dispatch
R&D
Programs
RD6 Two-Stage transmission Mixed
RD18 Tools for GMD/EMP Integer LP undor Uncertanties RD11 Risk-based

Assessment Transmission Planning
Johns Hopkins University - JHU E2SHI

- Driver - Commercially Available Technology - Existing R&D Program or Project

- Capability Gap - Commercially Unavailable Technology - R&D Program Requirement

November 2013



R&D Program Summaries

Two-Stage transmission Mixed Integer LP under Uncertainties.
Summary not yet provided.

Existing research: Johns Hopkins University - JHU E2SHI.

Key research questions:
1.  Questions not yet specified.

Risk-based Transmission Planning. Develop method/tool to incorporate
risk of uncertainty into transmission planning (e.g. counting every analysis) to identify
transmission system reinforcement that are broadly applicable across wide range of
failure.

Existing research: None identified.

Key research questions:

1. How to develop failure scenarios, assess likelihood, aggregate or bracket to
cover all possible failures?

How to incorporate outage likelihood into contingency analysis?
How to measure performance of individual or groups of transmission?

How to link dispatch conditions from production simulation tool to power flow
tool so future scenario can be analyzed?

Tools for GMD/EMP Assessment. System modeling/simulation tools that
incorporate GIC calculation, associated DC flows in power system, and resulting impacts
on system components (e.g. harmonic injections cap bank fuses, generators/heating, etc.).

Existing research: None identified.

Key research questions:
1. How doyou calculate GIC flows for a given magnitude GMD storm?

2. Given GIC flows, what is behavior of transformers (harmonics var consumption,
etc.)?

3.  How do you simulate system impacts of the GIC flows and resulting issues?.
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Transmission Services

Product/Service Area: |. Simulation Study Tools, Techniques, and Models Roadmap Portfolio

P = = == == == = = = =

D1 Greater uncertainty in the
planning horizon. Need a plan
robust with respect to diverse
future scenarios

Drivers

—— o = = =

L 0 |

: 1 : 1 |
D6 Need to consider low 1 | D1 Greater uncertainty in the q q 1 D2 Transmission assets are
: probability high impact events | 1 | planning horizon. Need a plan Easal chiﬁzrr]weys%ﬁ?i:tjaln:nwd : long-lived and require long lead- 1 D5 Large scale integration of
1 | due to high impact of outages on I ! | robust with respect to diverse trgnsmissionginfrastructure | time; so, they need to work with 1 variable resources and DSM
I | consumers : future scenarios 1 multiple future scenarios I
1
| 1! i
|

e e

CG10 Need tools to conduct
high-volume studies and analyze
results to facilitate analysis of a P sttt ettt I
HH full range of future possibilities 1 CG11 Need to improve
Capablllty from supply-side and demand- 1 modeling of non-wli)re
GapS side (economic) ! solutions and associated
: uncertainties in reliability
1 assessment studies
| (reliability)

1
1
CG2 Need defense-in- :
depth capability for dealing |
with low probability high 1
1
1
1
1

1
6%6 Need for strategic
planning methodology and
tools to evaluate the full

CG5 Need
institutionalized processes
for quantifying uncertainty
and risk criteria and data
(strategic)

CG8 Need bridge strategies |' ’
between current state and ! 1| CG4  Need for greater
long-terminvestments to : pperat_lonalflexll_)llny,
facilitatetransition from the , |including dynamic (i.
1
1
1

Y
1| ' CG7 Need to perform risk-
1] | | adjusted economic :
range of future supply-side : , | assessment of wide variety of
|
HE
1 1
1

solutions from transmission
build to power flow controls to
non-wires (economic)

current deterministic approach time/temperature-based, as
to futurerisk-based approach opposed to static) transfer
(strategic) capability (strategic)

and demand-side scenarios
(strategic)

impact events (reliability)

Technology
Characteristics

1
1
TC22 Thisneedsto considerafﬁsuiteof i
TC16 Software planning tools thatwill beusedin the future, TC28 Method/Tool to co-optimize H
TC24 Capacityto model tools/associated models that (e.g. co-optimization T+G+D+Storage, transmission generation that TC19 Validated models of TC11 Dynamic LineRatingand | |
interruption of load on a more capture inter-dependencies of productive cost, etc), Design software so that incorporates risk reliabilityand demand-sideresources for use Incorporatingitinto grid/market | |
granular level to assess load failure/limitations of electrical itis easily deployed on high performance flexibility cost/benefit for wide in production cost, power flow, Ops, Evaluate benefits/risks i
uncertainty with DSM system components and other computing. Design post processing tools that range of aggregated/bracketed set and transient simulations associated in it ]
associated systems (e.g. gas synthesizeprogram outputs and distill of possible future scenarios 1
infrastructure, etc.) information for human decision. :
1

RD7 Gridspice — A virtual RD5 BPA TIP281

Prog rams platform for modeling, analysis

and optimization of the smart grid

TomKat Center for Sustainable B

Energy, Stanford University

- Driver - Commercially Available Technology - Existing R&D Program or Project

- Capability Gap - Commercially Unavailable Technolog - R&D Program Requirement

November 2013



R&D Program Summaries

Gridspice - A virtual platform for modeling, analysis and

optimization of the smart grid. The project aims to research and begin
prototype development of GridSpice, a software simulation system for modeling, design,
planning and optimization of the smart grid. GridSpice will model the interactions
between all parts of the electrical network-including generation, transmission,
distribution, storage and loads; in addition, it will also model the wholesale and retail
electricity markets, and response of consumers to price sensitive contracts.

Existing research: TomKat Center for Sustainable Energy, Stanford University.

Key research questions:
1.  Questions not yet specified.

BPA TIP 281. Summary not yet provided.

Existing research: Bonneville Power Administration (BPA) Technology Innovation
Project (TIP) 281 to commence during fiscal year 2014.

Key research questions:

1.  Should the gen/tie redispatch more frequently? If yes, how frequently should
be.

How accurate can a wind farm estimate/follow the dispatch order?

Coordinate outages or topology re-configuration that can affect transfer
capability.

4.  Coordination/optimization of voltage profile of gens to improve transfer
capability.
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Transmission Services

Product/Service Area : |. Simulation Study Tools, Techniques, and Models Roadmap Portfolio

1

1

1 1 1
1 |D2 Transmission assets | ! D1 G At '] D2 Transmission assets !

3 A reater uncertaintyin q q 3 h
! |arelong-lived and requirelong n q P ; ; D3 Scarcity of capital and are long-lived and requirelong |!
. the planning horizon.Need a |l A }
Drivers ! |\ead-time; so, they need to 1 c?fsvari;-kﬁ;greezgﬁlri:eglggaaggﬂ ! 0 planprobust%vith e i | |legal challenges to build new lead-time; so, they need to i
J d , 1 e =e A :

0 work with multiple future | 1 1 IiVersefiturescenarios | | |transmission infrastructure work with multiple future I
| Lscenarios | 0 B I scenarios T
1

D4 Operational flexibility —
ability to deal with diverse
resource patterns

D6 Need to consider low
probability high impact events
due to high impact of outages
on consumers

Fo—————

o - 3
Capabilit i 4 N r greater 1[CG3 ™ Evaluation of power - -
p y CG9 tNeed to et Iuafte various giratione;f‘jflexitglﬁate | San e e CG8  Need bridge strategies : ﬁ_G%lo INeed t{)z}slo c%ndurit Dy
Gaps aspects (e.g. cost, performance operati g, || associated risk level,and between currentstateand long- | || high-volumestudies and analyze aluate flexibility
capability, failure rate, O&M, etc.) of | | including dynamic (i.e. ' adjustment of planning term investments to facilitate || results tofacilitateanalysis of a and translate reliability
power flow control options (FACTS, time/temperature-based, as : requirements to reflect risk transition from the current ,| fullrange of future possibilities determinations into ;
phase angle regulators, switchable opposed to static) transfer | | yersus performance aspects deterministic approach to future | 1| from supply-sideand demand- economic terms (economic)
series impedances, etc.) (economic) | | capability (strategic) 1 L (reliability) risk-based approach (strategic) 0 side (economic)
|
|

A becmomossmassseansned— Socssaossaansoed

! 1
1 1 1 -
= TC20 Today's production coSt models need to !
I'| TC8  Need credible performance data ! 0 . - " T frrall 1
!'| and model to capture benefits of power TC11 Dynamic Line Rating | ! 1| TC12  Redispatch capability; Qn(?cdoednzlnom;gryﬂg?:r:tsai(néi(:sci)ﬁ(\:}frlilantﬁg?g:;ﬁées TC2 Automated 1
Techno |Ogy 1| flow control options (including and Incorporating it into , 1| Stochastic robust unit P rates? G IS B o Production Cost 1
. . | reconfiguration alterr!atives)yo evaluate grid/market Ops, Evaluate | I c_ommltmem and economic shorter)infervals.We need métrics for flexibility. Simulator—Pre- and :
Characteristics | i%‘:gg('e'ngaitssafgﬁe’;’sgss'v‘ll:;'ll:;e benefits/risks associated in ! : dispatch Stochastic a/lc may be part of this. High performance || Post-Processing |
1 ; >Hee
1 |_identification of boundary conditions it 1 | computngieecessan: :
1 1 1
teccccec e e e mmc e cccc e e e e e == o T L !

RD21 Planning with reconfigurality

ISU
R&D : ;
RD12 Develop performance data, ng:Zi(s)i(?r?ﬁrsaiggnr?sllﬂ)saksggdSCED
Prog rams tools and templates to capture
RD4  TIP274 — Power flow benefits and risks associated with
Controls power flow control options
BPA BPA TIP274 Power Flow Controls EY

- Driver - Commercially Available Technology - Existing R&D Program or Project

- Capability Gap - Commercially Unavailable Technology - R&D Program Requirement
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R&D Program Summaries

Planning with reconfigurability. Resource locations are rapidly changing | Key research questions:

in many parts of the nation, as renewable and gas fired generation is built and coal or 1. What are their transmission solutions, besides building complete and new circuit?
older gas plants are retired. Correspondingly, the existing transmission topologies (E.g. switch a line, split a bus, split a line.
need to change. 2. Develop transmission optimization to eliminate reliability violations with minimum

Existing research: ISU Research cost and minimum line-build “distance.”

3. Demonstrate software on industry planning problems.

TIP274 - Power flow Controls. Summary not yet provided. Key research questions:
1. Questions not yet specified.

Existing research: Bonneville Power Administration (BPA) Technology Innovation
Project (TIP) 274 to commence during fiscal year 2014.

Develop performance data, tools and templates to capture Key research questions:

benefits and risks associated with power flow control 1.  Catalog the costs, performances attributes + failure rates of power flow control

. devices f tin fut lanning studies?
options. Optimizing the performance of the existing and future grid will require an B 7 255 Qg " e planiiing studies

understanding of benefits and risks associated with power flow control technologies.
Research is needed to define and quantify key attributes of these devices for system
impact studies. 3. Determine life of devices, and impacts on O&M expenses, associated with typical
operations as well higher stress applications which should limit viability +
considerations as a long-term solution.

2. ldentify boundary conditions (or “tipping points”) which limit application of these
options.

Existing research: Bonneville Power Administration (BPA) Technology Innovation
Project (TIP) 274 to commence during fiscal year 2014..

Operational Risk and decision using risk-based SCED. Operators | Key research questions:

and operational engineers are constantly making decisions to balance risk and 1. What are the major operational uncertainties (e.g., what are operating limits and
economics, yet they do so with few tools to help address uncertainties. This work how “hard” or “soft” are those operating limits)?

would address this while considering the need for providing information in a simple 2. How fast can the system change and how much uncertainty is there in forecasting
way. that changes. Incorporate forecast uncertainty.

Existing research: ISU Research. 3. Provide /develop simple controls within SCED software to allow setting of risk of

flows on restricted corridors and of “system” risks.

4.  Demonstrate effectiveness of new SCED software in operations and in planning.
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Product/Service Area :

Drivers

Capability
Gaps

Technology
Characteristics

R&D
Programs

|. Simulation Study Tools, Techniques, and Models

D2 Transmission assets
are long-lived and require long
lead-time; so, they need to
work with multiple future
scenarios

transmission generation that
incorporates risk reliability and
flexibility cost/benefit for wide range of
aggregated/bracketed set of possible

future scenaria

D3  Scarcity of capital and
legal challenges to build
new transmission
infrastructure

1
D1  Greater uncertainty in |
the planning horizon. Need a
plan robust with respect to |
diverse future scenarios 1

D6  Need to consider low
probability high impact
events due to high impact of
outages on consumers

D1  Greater uncertainty in
the planning horizon. Need a
plan robust with respect to
diverse future scenarios

|

1

1
CG7 Need to perform risk- 1
adjusted economic 1
assessment of wide variety of 1
solutions from transmission \
build to power flow controls to |
non-wires (economic) I
1

1

CG6  Need for strategic
planning methodology and
tools to evaluate the full range
of future supply-side and
demand-side scenarios
(strategic)

resource patterns

D4  Operational flexibility
— ability to deal with diverse

A

CG1 Valuate flexibility and
translate reliability
determinations into economic
terms (economic)

TC1 Methodology and Tools
for high-level scenario planning,

define probability and scenarios

- Capability Gap

1
1
1
1
more rigorous approach to 1
1
1
1
a

CG5 Need institutionalized
processes for quantifying
uncertainty and risk criteriaand
data (strategic)

ransmission Services
Roadmap Portfolio

RD1 Multi-period planning
models under uncertainty

James D. McCalley Harpole - lowa
State University

RD24 Framework for Transmission
Planning Under Uncertainty

RD22 Incorporation of Risk
Analysis into Planning Processes

2013-2015 PSERC Project M-30

EPRI 2014 Project P20.022

- Commercially Available Technology

- Commercially Unavailable Technology

- Existing R&D Program or Project
- R&D Program Requirement
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R&D Program Summaries

Multi- period planning models under uncertainty. Planning to build facilities under Key research questions:
dramatically different futures (e.g. CO2 tax or not, H12 Gas vs. S4 gas, etc.) is a major need. The goal of this 1. Develop method of scenarios aggregation or reduction.
work should be to identify investments (generator, transmission, demand control, storage) that most 2. Identify metrics of adaptability /flexibility/optimality.

effectively adapt to the various futures considered. . . o
3. Design computational procedure to find investment plans

Existing research: James D. McCalley Harpole - Iowa State University. which optimize metrics.
4.  Apply to industry planning problems.

A Framework for Transmission Planning Under Uncertainty. Currently transmission | Key research questions:

planning, as widely practiced in the electricity power industry, is primarily based on the deployment of 1. Questions not yet specified.
deterministic techniques. However, transmission planning by its very nature confronts a wide range of
sources of uncertainty that may be difficult to analytically characterize. We propose to develop a new
framework for transmission planning with the explicit consideration of uncertainty. For this purpose, we will
collect a representative set of requirements and investigate the construction of an appropriate framework to
allow the explicit consideration of the wide range of uncertainty in today’s competitive electricity market
environment.

Existing research: 2013-2015 PSERC Project M-30, Project Leader: Lizhi Wang (Iowa State University).

Incorporation of Risk Analysis into Planning Processes. The long-term objectives of Key research questions:

this new multi-year project are: 1) Understand the role of “risk” in transmission planning, load growth 1. Questions not yet specified.
uncertainty, weather related load variation, and fuel cost uncertainty, hydro generation availability, etc.; 2)
Develop probabilistic analytical techniques, tools, and understanding that utility planners can use in their
existing planning processes. These efforts will address system reliability risks as well as financial risks.
Existing research: EPRI Project P40.022 for 2014 and beyond. Research approach:

= Assess existing methods and criteria for performing risk-based planning. Identify possible gaps,
develop new methods, and recommend criteria if necessary.

. Define data sources required to support risk-based planning, and sources and methods for
assembling the data.

. Enhance/develop simulation tools for performing risk-based analysis.
= Assess the resulting planning requirements due to regulatory changes.

. Transfer knowledge to the industry via case studies, workshops, and collaboration with national
labs, IEEE, PSERC, CIGRE and other research entities.
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Product/Service Area :

|. Simulation Study Tools, Techniques, and Models

D6  Need to consider low

1
D2 Transmission assets D3 1 :
I [probability high impact i
| i
I i

I

| A : D1 Greater uncertainty in
| are long-lived and requirelong

I

I

|

the planning horizon. Need a
plan robust with respect to

Scarcity of capital and
legal challenges to build

lead-time; so, they need to new transmission

events due to high impact of

Drivers

work with multiple future infrastructure diverse future scenarios outages on consumers
scenarios
__________________ —  Fooooooo
D4  Operational flexibility
— ability to deal with diverse
resource patterns
oy e
Capability i dsteliertiviedletnostiets L '
noooooolboococooodoooooococooococoooo
Gaps CG1 Valuate flexibility CG7 Need to perform risk- CG8 Need bridge strategies

and translate reliability between current state and long- CG3  Evaluation of power system
of wide variety of solutions from

economic terms
(economic)

1
1
1
1
determinations into .
1
1
L
1

transmission build to power flow
controls to non-wires (economic)

1

> c 1
adjusted economic assessment |
1

1

1

deterministic approach to future
risk-based approach (strategic)

1
1
1
1
term investments to facilitate 1
1
1
1
1
1

level, and adjustment of planning
requirements to reflect risk versus
performance aspects (reliability)

1

1

p 1

p 1
| o A

| in performance versus associated risk I

transition from the current 1

: 1

L 1

L 1

: 1

Technology
Characteristics

TC12 Redispatch capability;
Stochastic robust unit

1

1

TC4 Methodology for :
commitment and economic :
1

1

1

determining economic value of
flexibility and reliability

dispatch

R&D
Programs

RD9 Simulating situational
awareness and operator response
in risk models

RD15 Operational Reliability
Assessment tool

ERCOT Prosym

- Existing R&D Program or Project
- R&D Program Requirement

- Commercially Available Technology

- Commercially Unavailable Technology

- Capability Gap
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R&D Program Summaries

time (hr/day ahead) reliability assessment, provide the risk and associated confidence
level. The goal of this tool will provide an index of system condition for system operator to
take actions, especially for significant renewable penetrations.

Existing research: ERCOT.

2.
3.
4

Operational Reliability Assessment tool. This tool will provide nearreal- | Key research questions:
1.

Outage rate for operational horizon for gen/transmission.
Modeling and forecast accuracy on the assessment result.
Criteria? Per 10 years?

Algorithm for the tool? Monte Carlo or others?

models. Risk models over-optimize dispatch. Incorporate a realistic operation based on
the information anticipated to be available to system operators.

Existing research: Prosym.

Simulating situational awareness and operator response in risk | Key research questions:
1.

Can the information available to operators be simulated, e.g. dispatch a model
based on a forecast shape and update dispatch as time is simulated to more
forward?

Can we estimate the impact of improving situational awareness to power
system risk?
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Product/Service Area : Roadmap Portfolio

|. Simulation Study Tools, Techniques, and Models

D4 Operational flexibility —
ability to deal with diverse
resource patterns
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tools to evaluate the full
range of future supply-side
and demand-side scenarios
(strategic))

solutions and associated
uncertainties in reliability
assessment studies
(reliability)

and translate reliability
determinations into
economic terms (economic)

of wide variety of solutions from
transmission build to power flow
controls to non-wires (economic)

full range of future possibilities
from supply-side and demand-

1 1
1 1
1 1
: results to facilitate analysis of a :
1 1
1 1
|| side (economic) 1

1

1

1

N N 1
adjusted economic assessment |
1

1

1

1

1

Technology

TC14 High volume study environment, TC1 Methodology and Tools for high-

TC4  Methodology for determining

Characteristics

R&D
Programs

- Capability Gap

including model validation, intelligent
system stressing, and results analysis

and visualization

level scenario planning, more rigorous
approach to define probability and
scenarios

RD3 TCRM: Transmission
Curtailment Risk Measure

BPA, ColumbiaGrid

- Commercially Available Technology

- Commercially Unavailable Technology

reliability

1
|
1
1
economic value of flexibility and |
1
1
1
1

RD19 Wind/PV/Load probabilistic
representation

EPRI

- Existing R&D Program or Project
- R&D Program Requirement
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R&D Program Summaries

provided.

Existing research: BPA, ColumbiaGrid.

TCRM: Transmission Curtailment Risk Measure. Summary not yet Key research questions:
1.

Questions not yet specified.

provides a probabilistic representation of the synchronized output of many different wind
and PV plant outputs and load bus demand valves, must maintain inherent correlations in
variation of all plants and load busses.

Existing research: EPRI P173.006.

Wind/PV/Load probabilistic representation. Method/Tool that Key research questions:
1.

What generation dispatch scenarios should be studied for system with high
levels of VE and/or DR?

How much historical, synchronized data is needed to characterize solution
space?

How many discrete wind/PV/load value data sets are required to characterize
solution space?

Collaborative Transmission Technology Roadmap

57



r mission Services
Roadmap Portfolio

Product/Service Area :

|. Simulation Study Tools, Techniques, and Models

D1  Greater uncertainty in
the planning horizon. Need a
plan robust with respect to
diverse future scenarios

Drivers B L

D2 Transmission assets

D6 Need to consider low : A
are long-lived and requirelong
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R&D Program Summaries

the ability of AMI infrastructure to strategically shed load and estimate a supply curve for
the cost of shedding load. Expand to a bus-level power flow model.

Existing research: EPRI EE/DR for Trans/Dist, EPRI, DR for Flexibility.

2.
3.
4

Demand-side management for transmission in risk models. Define | Key research questions:
1.

Can AMI be leveraged for strategic load shedding?
What is the potential of DSM for deferring T and D expansion?
How can load shedding be used in RAS or for reliability?

What is the risk of non-response?
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Transmission Services

Product/Service Area: |. Simulation Study Tools, Techniques, and Models Roadmap Portfolio
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R&D Program Summaries

would allow simulation of evolving or deep contingencies. It would build on time sequence
power flow to incorporate uncertainty in equipment performance and control action
(MVA limits, reactive switching, RAS operation, protection, operation, etc.).

Existing research: None identified.

Sequential Power Flow Simulator for deep contingencies. Thistool | Key research questions:
1.

Questions not yet specified.
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R&D Program Summaries

High Performance Computing. Summary not yet provided.

Existing research: BPA, GE, PNNL, LBNL, EPRI (2013/2014 Project P39.014).

Key research questions:

1.

Questions not yet specified.

Application of New Computing Technologies and Solution

Methodologies in Grid Operations. This project is expected to investigate,
identify, and develop advanced data processing and computing technologies for control
centers to improve online simulation performance with respect to the speed, accuracy,
robustness, and depth of information presented.

Existing research: 2013/2014/2015 EPRI Project P39.014.

Key research questions:

1.

This technical update will detail the development of techniques for faster
dynamic stability analysis using existing commodity processors and robust
techniques for AC optimal power flow. We also detail how to apply available
technologies for model processing and storage to better utilize sharing models
across applications and systems. In particular we will look at: robust
computational techniques to improve AC optimal power flow computational
efficiency and solution meaningfulness; use Graphics Processing Units or
similar vector processing hardware to reduce the simulation time of dynamic
stability analysis; and the application database and processing technologies to
improve large model processing and merging among control center applications
and systems.

Risk-based Decision-Making. Faster computation and more accurate models of
simulation capabilities enable exploration of a vast number of scenarios. However, how
can we help operators and planners know what scenarios to ultimately take action
around?

Existing research: None identified.

Key research questions:

1.

2.
3.
4

What are appropriate scenario reduction technologies?
What are latest advancements in decision science?
How do you factor in risk in a risk adverse industry?

What methodologies in uncertainty quantification of risk-based analysis could
support this effort?

Does risk-based DM jeopardize reliability?
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Transmission Services

Product/Service Area: |. Simulation Study Tools, Techniques, and Models Roadmap Portfolio
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R&D Program Summaries

more effective methods than Monte Carlo and if so, how can they be incorporated into
power system risk models.

Existing research: None identified.

Monte Carlo Alternative Assessment. Has statistical science come up with Key research questions:
1.

2.
3.

What are the alternatives to Monte Carlo?
What is the order of efficiency gain to using these methods?
What are the barriers to using these methods in power system risk models?
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Transmission Services

Product/Service Area : |. Simulation Study Tools, Techniques, and Models Roadmap Portfolio

D2 Transmission assets are
long-lived and require long lead-
time; so, they need to work with
multiple future scenarios

D6 Need to consider low

1
. ! D1 Greater uncertainty in the
Drivers | | probability high impact events
1
1
1

1

1

1 . .
planning horizon. Need a plan : S Serleilyy o Gl &g

1

1

1

1

1

1

o 1

due to high impact of outages on eaaichalendesioful Iclew :
1

1

1

consumers

robust with respect to diverse

future scenarios transmission infrastructure

D4 Operational flexibility —
ability to deal with diverse
resource patterns

Capability

CG10 Need toois to conduct

CG7  Need to perform risk-

Gaps CG5  Need institutionalized high-volume studies and analyze CG1 Valuate flexibility and adjusted economic
processes for quantifying results to facilitate analysis of a
K solutions from transmission
and data (strategic) from supply-side and demand- terms (economic) build to power flow controls to

side (economic)

1
|
1
et 0 g q
translate reliability 1| assessment of wide variety of
1
1
1 N N
| |non-wires (economic)
1

I
|
|
> ? el |
uncertainty and risk criteria full range of future possibilities | | determinations into economic
|
|
T
1

Technology et el Attt ettt ietel (it 3
0 s i
Characteristics 1 | TC20 Today's prediction cost models need to model TC13 Application of High Performance |
1 | "slow dynamics"(AGC), cycling impacts, accounting for Computing to transmission planning TC4  Methodology for I
I | uncertainties in variable resources, ramp rates, and modeling needs. More efficient methods determinin econ[%ic value :
: cycling costs, using 5-minute (or shorter) intervals. We than Monte Carlo for defining the potential of flexibilitg et reelftstanti 0
1 | need metrics for flexibility stochastic u/c may be part of outcome space are utilized to reduce Yy Y I
1 | this. High performance computing is necessary computational burden. 1
1
e e e e e e e e e e e e e e e e e e e e e e e oo i
R&D
Prog rams RD10 Integrated reliability and

economic assessments

- Driver - Commercially Available Technology - Existing R&D Program or Project

- Capability Gap - Commercially Unavailable Technology - R&D Program Requirement

November 2013



R&D Program Summaries

production cost modeling for economic assessment (8760 hours) How to incorporate time
sequence power flow/stability (8760) assessment into production cost modeling.
Operation side: need to consider slow dynamics (AGC) cycling impacts accounting for
uncertainties in variable generations.

Existing research: None identified.

Integrated reliability and economic assessments. Planning side: Key research questions:
1.

Questions not yet specified.
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Transmission Services

Product/Service Area: |. Simulation Study Tools, Techniques, and Models Roadmap Portfolio
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R&D Program Summaries

events), the system operators may require additional information to assess system state of
ascertain a path to recovery.

Existing research: None identified.

4.

Resiliency Support Tools. After major disruptions (esp. from low probability Key research questions:
2.

3.

How do you respond, when risks became real?

How do you factor temporal cost aspects into choices (e.g. time to recover, cost
of repairs) that not typical as part of normal operations?

How do you better characterize points of component stress, and the characters
of components at their rating boundaries?

How much flexibility in assets is there when you really need it?
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PLANNING AND OPERATIONS

SITUATION AWARENESS

Description of the Situation Awareness Technology Area

Power system visualization and situational awareness tools help
transmission operators understand the present conditions within and
around the power system of interest and to anticipate these system
conditions throughout the day. Examples of technology needs include
grid monitoring and sensors such as phasor measurement units,
decision support and visualization, intelligent alarms, real-time
assessment of power system stability, etc.

Section Summary

Alarm Management

A problem with alarms is that an initial design of an alarm function may
not have anticipated the wide use and audience it serves today. There
is a long list of persons potentially responding to alarm data, including
operators, control room engineers, planning engineers, protection
engineers, commissioning engineers, information technology (IT)
programmers, IT energy management system (EMS) monitoring
engineers, and communication engineers. These people respond to
electrical system disturbances and events with a sense of urgency and
to do so effectively, they all require alarm data. Post event, back office,
and real time staff such as network engineers, communication

engineers, and settlement compliance require alarm information as
well.

EMS alarms are an indication and record of system changes. It was not
anticipated originally that such alarms would have such a large
audience. Thus, transmission owners and operators need to rethink
alarms from the control room perspective, but all of these other
audiences are important too. The industry requires automated
intelligence analysis to eliminate the sometimes overwhelming flow of
information. There can be sixty indications hidden among 10,000
alarms and they are not all related to the electrical system. This Alarm
Management roadmap is based on an assumption of the presence and
need to manage large quantities of alarms. Prompt, clear, and precise
information is required.

Real-Time Angular and Voltage Stability Assessment

This roadmap overlaps with other Situation Awareness roadmaps. The
prerequisite is having a reliable network and database models. The
electricity industry needs enhanced state estimation, without fictitious
pseudo loads. It needs Phasor Measurement Unit (PMU)-based linear
state estimation. There is ongoing research to partially cover this, but
there is also a wide need for further enhancements. A hybrid-data state
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estimator can be created. PMU-based stability analysis is possible. The
alarms are addressed separately. Combined angle-based stability limits
with real- time remedial action scheme (RAS) modeling and
determining stability limits in real time can help identify margins and
boundaries. Transmission owners and operators also need to separate
numerical computing issues from collapse / boundary conditions. All
the tools are only as good as their effectiveness in use. Training is
needed to ensure their effective use.

Synchrophasor Technology Applications

The key point of synchrophasor applications is to help provide for
situation awareness and intelligence for predictive means. Once a real-
time data stream is established, it can be used for other things. For
instance, PMUs can inform state estimators, as a basis for getting good
information out. Data mining is really important. As data streams
through a utility communication system, it has to be transformed into
information. This requires a number of transformations for its many
uses. It needs to be mined to help address long-term issues. For
instance, a geographic distribution of measurements can help to detect
electrical islands. While a situation may seem simple after an event, the
real-time information may not necessarily indicate that an event is in
progress, which must be addressed further. Tools need to identify
events positively and determine how to share the relevant data and
information. There should be redundancy for any distributed
computing capability. Transmission owners and operators also need
real-time models to facilitate the entire exercise.

Advanced Visualization Tools and Techniques

Transmission owners and operators have the challenge of getting
information in front of the right audience. How can one visualize wide-
area concerns? How does one prevent data overload? There is a lack
of human factors guidelines that can help to better communicate a

wide-area situation across multiple organizations. Additionally,
predictive tools can help operators get ahead of real time.

This Advanced Visualization Tools and Techniques roadmap addresses
needs as a user-centric exercise. This roadmap is difficult to separate
from analysis. The focus of visualization should be on helping the
operator, engineer, or marketer make informed decisions in a timely
manner. Having common visualization techniques will help the
industry move forward together.

e This roadmap is strongly tied to real-time and predictive
analysis of system events.

e Its emphasis is on a lack of sufficient visuals to support current
operations, along with new concerns, such as intermittent
resources, synchrophasor data, and wide-area measurements.

e There are additional concerns about data overload, lack of
human factors guidelines, how to present data appropriately,
video wall levels, and predictive tools.

e One highlight of the roadmap addresses and emphasizes the
need for advanced tool development beyond the current tech-
centric and data-centric designs, toward a user-centric
viewpoint.

e One difficulty is that it is hard to keep this roadmap separate
from the Real-Time and Predictive Analysis of System Events
and the Alarm Management roadmap.

Real-time and Predictive Analysis of System Events

This predictive element was purposefully added later in the
roadmapping process, because it allows operators to increase their
ability to know the accurate system capability. There are six drivers,
but the highlight is the potential to know accurately the available
transfer capacity and the multi-contingency events and coordination
between operators, per regulations. Existing state estimator models
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should be enhanced include neighboring systems. Could they be network and equipment; forecasting to help identify areas of potential
expanded further to include lines with ratings below 100 kV? stress in the system; and then developing approaches to mitigation that

) . . . . . take into consideration all of this information.
The five categories of interest in this roadmap are: analysis (the

transformation of data first to information and then to knowledge);
sharing information for a big-picture view; sharing models of the

The insights and observations above were distilled from the input of * Jodi Obradovich, Battelle Pacific Northwest Laboratories
the following subject matter experts who participated in Workshop 2: e Ryan Quint, Bonneville Power Administration
e James Anderson, Bonneville Power Administration e Kai Sun University, of Tennessee
e Robert Austin, First Energy Corporation e Mark Tiemeier, Xcel Energy Services, Inc.
e Aranya Chakrabortty, North Carolina State University e Marianna Vaiman, V&R Company, Energy System Research
e Albert Choi, Xcel Energy Services, Inc. e Kumar Venayagamoorthy, Clemson University
e Erik Connors, SA Technologies e Donald Watkins, Bonneville Power Administration

e DeJim Lowe, Tennessee Valley Authority
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Product/Service Area :

Il Situation Awareness

Transmission Services
Roadmap Portfolio
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R&D Program Summaries

Project should provide the means to system operators to quickly identify the highest
priority information.

Existing research: None identified.

Intelligent prioritization of alarms on situational intelligence. Key research questions:
1.

Is it possible to prioritize alarms based on same metrics / study intelligence?
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Transmission Services

Product/Service Area : Il Situation Awareness Roadmap Portfolio
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R&D Program Summaries

analysis for systems operators (real-time). Group associated event
alarms to quickly identify / root cause / probably cause indication.

Existing research: None identified.

2.
3.
4

EMS alarm management - Automated system alarm event Key research questions:
1.

During an unplanned event, how can I quickly identify cause?
During an event, how can I reduce the number of alarms I need to analyze?
What logic is built and EMS product to sort and specify non-associated alarms?

How can we sort alarming functions for normal vs. emergency conditions?
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R&D Program Summaries

predictions.

Existing research: V&R Energy, EPRI (P39.015), CURENT (AKA UTK).

Real-Time stability Indicators. For example, oscillation mode and damping Key research questions:
1.

Is it possible to predict oscillations before they occur and provide preventive
mitigation actions/decisions?

Separating numerical instability and real collapse. How to do this?
What is the limit in the case of a “flat” PV-curve?

Collaborative Transmission Technology Roadmap

79



Transmission Services

Product/Service Area : Il Situation Awareness Roadmap Portfolio

1
I 1 1 :
| 1|D3 Need to understand D4 Changing physical \
I | behavior and operations of | nature of generation fleet. 1
1 : distributed and intermittent 1 Increased intermittent 1
Dri | h | | resources variable generation :
rivers : i (O : i
1 1
1 1 1
1 D7 New, never-seen- 1
1 , ! | D6 Overdependence on : 5 |
Ip2 Increased flows ' b1 Increasingly 1 ! | Special Protection Systems | (0 10 Wi U |
| | across larger areas ! dynamic nature of the grid [ (SPSs)/Remedial Action stability problems. How do !
1 !l BRE I |you catch this beforeitisa | |
1 H [ shemesi(RA5s) | Lproblem? 1
1 1
1 i 0 g 1 !
1 1
—————— —— e — e — — — — — — — b o
1 1 i
, [D7 New, never-seen- | A :
1 | before flow patterns causing 1 .
I | stability problems. How do you ! Poids Changing nature of :
1 | catch this before itis a H 1
- 1 Lproblem? ' :
Capability e ____ L. S i
Gaps
[ |
: 1
| [CGB Results of stabilit L | [® :
1 esults of stability 1 B !
! lanalyses are too complicated cep el o iEl i 1 : CG2 Faster simulation CG7  Lackofireal I | CG1l  Models updates and !
I whether to take proactive 1 A A A time tools and & 9 !
, | for an operator to understand mitigation o if you can be 1| tools and integration with capabilities for voltage I how deep for offline studies I
and determine an actionable g¢ Y ! 1| dynamic models bt 9 ! | vs. State Estimator 1
0 reactive after an event or both [ stability assessment 1 H
L response [ 1 1
1 I 1
oo 1 1 1
- 1 1
________________ i
Technology
Characteristics
it S S e e e L L L L L Ly Gy L LT e 0
: 1
1
0 i isi TC1  Need training simulation TC7 Phase angle visualization N ; !
: ;—Sspmﬁizll 'f';"reoﬂz‘,:;gc:z that includes stability analysis and utilization (displays, TC? 4 Syr:cg_rlqlphazqr (:ata @il || e d Sltatde G TR !
| tools dispatcher orders, SOLS, etc.) real time stability indicator pseudo loads :
1
3 |
R&D
Prog rams RD3 Holomorphic Embedded Load

Flow Method (commercial product) RD1 Real-time Dynamic Models

Gridquant

- Driver - Commercially Available Technology - Existing R&D Prog or Project

- Capability Gap - Commercially Unavailable Technology - R&D Program Requirement

November 2013



R&D Program Summaries

Holomorphic Embedded Load Flow Method (commercial Key research questions:

product). Gridquant physicist Antonio Trias Bonet invented the algorithms and proved 1. How can this technology be used for voltage stability?
them internationally for a decade. They are unlike existing approaches that require some
prior knowledge of the condition of the grid in order to ascertain load flow and state
estimation, yielding uncertain and unreliable results. The advanced grid management
tools based on HELM allow grid operators to accurately monitor and control the power
grid under all operating conditions.

Existing research: Battelle has signed an exclusive licensing and collaboration agreement
with the specialty grid management company Gridquant, bringing breakthrough modeling
and analysis technologies to the electricity transmission market.

Real-time Dynamic Models. Develop dynamic modeling that can be utilized by | Key research questions:
EMS state estimators to conduct real-time stability studies w/o passing data to an off-line 1. Real-time dynamic models (software integrated with real data).
model.

Existing research: None identified.
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R&D Program Summaries

Toward Standards for Dynamics in Electric Energy Systems. This | Key research questions:

project introduces systematic wide-area measurement systems (WAMS)-based 1.  Questions not yet specified.
control/protection requirements to ensure no system-wide instabilities or large
power/voltage swings. Structure-preserving models are derived in support of control and
protection standards. These models enable one to specify standards in terms of ACE-like
criteria to be met by groups of system users; these standards are shown to be necessary
for system-wide stability and coordination of inter-area dynamics. Illustrations of
stabilizing effects of fast control designed according to the proposed standards and a
comparison with the effects of today's Special Protection Schemes (SPSs) are studied. In
particular, test cases are simulated to demonstrate how such control can prevent a
dynamic system collapse by stabilizing unacceptable swings between the electrically
distant locations. Estimates of reduced system-level dynamic reserve requirements when
the proposed standards are enforced are provided.

Existing research: PSERC 2013-2015 Project S-55, Project Leader: Marija Ilic, Carnegie

Mellon.
Stability, Protection and Control of Systems with High Key research questions:
Penetration of Converter-Interfaced Generation. The power system 1. Questions not yet specified.

can easily cope with a small amount of converter interfaced generation. In some areas
(locally) the power fed by converters may rise and rapidly reach 100% penetration; these
areas may be remote from classical synchronous machines. In this case, grid behavior
might be different from what it is today. In a far future, is it possible to operate a power
grid without synchronous machines? Are there important requirements that need to be
specified now (considering that new units may last more than 40 years), to allow the
system to operate correctly, even if this operation is completely different from today? We
propose exploratory research for defining new approaches for stability, protection,
balancing control and voltage/VAr control of systems with high penetration of converter
interfaced generation and evaluating these approaches.

Existing research: PSERC - 2013-2015 R&D Project, Project Leader: Sakis Meliopoulos -
Georgia Tech.
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R&D Program Summaries

Distributed parallel computing for SE / synchrophasor

applications. The idea here is develop a distributed and/or parallel computing
framework for SE and other synchrophasor applications.

Existing research: RTPIS Lab Clemson, V&R energy.

Key research questions:
1.

Distributed processing of computations algorithms.
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R&D Program Summaries

Synchrophasor technology. Summary not yet provided.

Existing research: V&R Energy, RTPIS Lab Clemson.

Key research questions:
1.

Developing real-time tools to separate bad data vs. an event happening in the
system.

Can we perform voltage and transient stability analysis based on PMU data
(PMU-based SE cases) and how accurate the limits are?

How to meaningfully and effectively use PMU data for operator decision making
tools?
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R&D Program Summaries

PMU data to detect events in real-time and recognize the types, sizes, linkages, etc. such
that root causes can be identified to conclude actions.

Existing research: Research Questions1&2 exist in EPRI projects and current efforts DOE
Synchrophasor.

1.
2.
3.

Synchrophasor-based event detection and analysis tool. utilize Key research questions:
Location of events.

Types and sizes of events.

Linkages between events to local root causes.

LSE for state estimation, bad data detection calibration, prediction, etc.

Existing research: V&R Energy, Virginia Tech / Dominion.

ok W N

Three-phase linear state estimator (LSE). Implementation of the 3-phase | Key research questions:
1.

Online, fast estimation of system state.

Can this help with bad data detection?

Can this help calibrate PMU measurements?

How can this integrate with conventional estimation?

Can this help fill in the bad or missing measurements?
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R&D Program Summaries

Real-time models of power system links PMU data. This area of

system.

Existing research: RTPIS Lab Clemson.

research will focus on using real-time data for providing RT model (dynamic) of the power

Key research questions:
1. New computational methodologies for modeling using PMU data.
2.  Distributed models.
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R&D Program Summaries

Visualization of Operating Boundaries and Equipment Health

Information for Control Center Operators. Integration of equipment
health info to control rooms, visualization tools.

Existing research: EPRI P39.011 (grid operations) project for 2013-2014.

Key research questions:
1.  Identify critical equipment (potential N-1).
2. Visualization for operators.
3. Sensor technology.
4.  Identify boundaries (thermal, stability).

Wide Area Real-Time Frequency Visualization and Location of

Disturbance. This EPRI Supplemental Project (N0.1013231) will create a Wide Area
Real-Time Frequency Visualization display from a Frequency Data Concentrator (FDC)
located at TVA. This display will also show the location of the initiating disturbance and
the likely amount of megawatt change that would have produced this disturbance. The
display will be accessible over the Internet to all members of this project that have signed
the NERC Operational Reliability Data (ORD) agreement.

Existing research: North American SynchroPhasor Initiative NASPI - EPRI.

Key research questions:

1. How to visualize the location of the initiating disturbance and the likely amount
of megawatt change that would have produced this disturbance?.

Control room and advanced PMU visualizations using
PowerWorld Retriever. Summary.

Existing research: Bonneville Power Administration (BPA) Technology Innovation
Project (TIP) 250 is at a Technology Readiness Level (TRL) of 8 as of September 2013.

Key research questions:
1.  Questions not yet specified.
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R&D Program Summaries

yet provided.

Existing research: None identified.

Data integrity and situation awareness tools (DISAT). Summarynot = Key research questions:
1.

How do we present data to give operators an instantaneous assessment of the
system status?

Accurate and reliable measurement of oscillation levels .

Wall board vs. console level SA visualization.
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R&D Program Summaries

needed to realize by visuals.

Existing research: Vendors products and SATECH.

Real-time Visualization Engines. Computational algorithms and platforms are ;| Key research questions:
1.

Is it possible to project visuals / information / knowledge in real time based on
PMU data and the like?
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R&D Program Summaries

Title. Summary.

Existing research: None identified.

Key research questions:

1.

Questions not yet specified.

Integrating real time operation/dispatch/scheduling and

markets. The goal is to seamlessly update real time operation decisions to changes in
the system - load, generation, and topology.

Existing research: None identified.

Key research questions:

1.

oo W N

Prediction of Load and Generation (near term).
Update scheduling for short term changes.
Update scheduling for topology changes.
Reconcile with markets.

Seamless modeling and simulation across market/scheduling/network
applications.
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R&D Program Summaries

Real-time event-based security margin information for critical Key research questions:

grid interfaces. Hybrid tool for real-time stability analysis and control using both 1. Identify signatures from event data that indicate decreased security margins on
model and measurement-based techniques. critical grid interfaces, which can help determine N-K contingencies for real-

time simulation.
Existing research: VCR Energy, DOE/EPRI project - market based hybrid to enable faster-
than-real-time simulation.
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R&D Program Summaries

Faster than RT state estimation with forecast for multiple Key research questions:

contingency analysis. We are interesting in bringing predictions (forecasts) into 1. Including ff)recasﬁng of energy (wind/solar) and loads in the state estimating
state estimation and carry out multiple contingent analyses. and executing this faster real time.

L . . Is it possible to do multiple contingency analyses with forecasting?
Existing research: None identified. . . , .
Can we share remedial actions between TO'’s to quickly analyze the report on

another TO?.
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R&D Program Summaries

Wide Area Real-Time Frequency Visualization and Location of Key research questions:

Disturbance. This EPRI Supplemental Project (NO.1013231) will create a Wide Area 1. How to visualize the location of the initiating disturbance and the likely amount
Real-Time Frequency Visualization display from a Frequency Data Concentrator (FDC) of megawatt change that would have produced this disturbance?

located at TVA. This display will also show the location of the initiating disturbance and
the likely amount of megawatt change that would have produced this disturbance. The
display will be accessible over the Internet to all members of this project that have signed
the NERC Operational Reliability Data (ORD) agreement.

Existing research: North American SynchroPhasor Initiative NASPI - EPRI.

TIP051 - Synchro-Phasor Response-Based RAS. summary not yet Key research questions:
provided. 1.  Questions not yet specified.

Existing research: Bonneville Power Administration.
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ENGINEERING & ASSET MANAGEMENT

CONDITION MONITORING, INSPECTION,
ASSESSMENT, & MAINTENANCE

Description of the Condition Monitoring, Inspection, Assessment,
and Maintenance Technology Area

Aging infrastructure is a challenge for transmission owners and
operators as new tools and methods are sought for equipment
condition monitoring and periodic inspection. Information allowing the
assessment of equipment health is essential for asset management and
equipment life cycle management, including life extension,
replacement, and maintenance. Examples of technology challenges
include advanced sensors, associated analytics to develop equipment
condition information, and decision support tools for life cycle
management.

Section Summary

This technical area focuses on sustaining and managing existing
equipment. The overarching theme is assessment. Transmission
owners and operators seek to understand failure modes and
degradation at a fundamental level, and there are questions about how
to use the condition information in order to help sustain existing
assets. How do transmission owners and operators make the decision
when to repair, replace, or refurbish, and monitor existing and new

assets effectively and efficiently? Transmission owners and operators
study many failure modes, and have lots of sensors, but it is important
to focus on the decision making process that can be supported with the
data and derived information. What decision needs to be made? What
are the inspection tools and techniques? A holistic approach is needed.

Some actions enable other actions. The system that collects and
processes data is an enabler. Standards and compatibility is enabling.
This technology area is dependent on other areas for future
developments. For instance, transmission owners and operators need
systems in place to gather the inspection data into a historical
database.

Asset managers have to answer what the critical data is for doing the
job. Each vendor has a different solution, and relying on a single
technology may risk blind spots. Using multiple vendors risks
incompatibilities.

Asset Life Extension

There is existing research supporting all of the roadmaps within this
Technology Area, which makes the roadmap exercise easier, but in the
area of asset life extension the top item is the creation of algorithms
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that use collected data estimate remaining asset life. There are some
models out there to support this, allowing asset managers to plan
ahead - this has real value.

Corrosion Management

For future roadmap revisions, corrosion management could be
separately investigated. It is cross-cutting and relates to above- and
below-ground infrastructure with aspects of material science and
predicting future performance. One example is improving the
understanding of ground grid corrosion in substations.

Relay Setting Management

All manufacturers have various ways to access and set relays. There is
not yet a common standard to help make this job easier, especially for
coordinating various devices. New protection approaches based on a
systems approach versus the device-based protection could be the
focus of new research which may significantly reduce the complication
of today’s relay setting management.

Failure and Performance Databases

Failure and Performance Databases are the foundation for effective
fleet management and serve as a basis for statistical analysis as well as
the development of case studies. The failure and performance data
must be collected and understood before it can serve as a basis for
decision-making when to monitor, maintain, or replace equipment in
an optimized way.

Online Condition Monitoring Continuous and Remote

Online Condition Monitoring is able to monitor the condition of an
asset continuously and report the data periodically. For many asset

types it would utilize communications technology to report the
information back to a location for analysis. In some cases it might be
more effective to replace the communications technology with manual
retrieval. Today there are many sensors available but more are
necessary to monitor all type of assets. Examples of existing sensors
include online dissolved gas analyzers (DGA), leakage current sensors,
and vibration sensors.

Fleet Management

Inspection, assessment and online condition monitoring technologies
determine the condition of a single asset, Fleet management focuses on
a class of asset. In addition fleet management aggregates the health
information of individual equipment into the condition of a line or a
substation. Fleet management takes the content of the failure and
performance database and combines it with the existing condition
monitoring and inspection information to serve as a basis for asset
maintenance, repair or replace decisions. There are still many
remaining questions to be resolved in this area from consistent failure
models to risk based decisions making tools.

Inspection and Assessment Technologies

Inspection technologies are continuously evolving and the application
of emerging robotic as well as rounds inspection technologies should
be continued evaluated. Technologies that allow non intrusive
inspection to be performed while the equipment is online are
preferred. Circuit breakers, transformers, and other equipment need to
be taken out of service for inspections. Can new technologies and
processes be developed to perform these tasks live? Are there non-
destructive techniques for inspecting and assessing these devices in
place?
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A FRAMEWORK FOR INSPECTION AND ASSESSMENT TOOLS AND PRACTICES

Equipment Class

Failure Modes &
Degradation

Online Monitoring

Failure & Performance

Database

Sensors &
Inspection

Algorithms

Fleet Management

Maintenance
Practices

Circuit Breakers

Relays

Transformers

Corrosion

Notes:

o This framework was proposed by Andrew Phillips during the ‘mini-workshop 2’ in Charlotte, NC on August 27, 2013.

e Each box in the table could be populated with a descriptor such as (mature, under development, not available, etc.)

e Inorder to ensure a holistic approach, each of the above areas must be addressed for a given class of equipment. For example, it is
meaningless to apply sensors if the failure modes are not first understood so that the correct markers are being monitored.

o Should future revisions of the condition monitoring roadmaps be organized according to this framework?

e Should this be used as a tool to identify capability gaps in the condition monitoring technology area?

The insights and observations above were distilled from the input of
the following subject matter experts who participated in Workshop 2:

Richard Becker, Jr., Bonneville Power Administration

Fabio Bologna, Electric Power Research Institute

Jason Burt, Bonneville Power Administration

Terence Carr, Xcel Energy Services, Inc.

Bhavin Desai, Electric Power Research Institute

Nick Dominelli, Powertech Labs., Inc.

Ivo Hug, Electric Power Research Institute

Hong Li, Powertech Labs., Inc.

Mike Miller, Bonneville Power Administration

Martin Monnig, Bonneville Power Administration
Arturo Nunez, MISTRAS Group, Inc.

Andrew Phillips, Electric Power Research Institute

Tim Shaw, Electric Power Research Institute

Luke Van der Zel, Electric Power Research Institute
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Transmission Services
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R&D Program Summaries

Substation Ground Grid Research. Summary not yet provided.

Existing research: EPRI.

Key research questions:
1.  Questions not yet specified.

Evaluation of life extension techniques (pilot program). Need to do
field evaluation of existing or emerging life extension technologies for transformers, LTC,
CB.

Existing research: EPRI.

Key research questions:
1. What are effective on-line oil treatment technologies?
2. How can the rating be changed to extend the life?

3. How to develop lubrication to extend the life of the circuit breaker
mechanisms?

4. How can coatings increase the in-service life of insulators?.

LTC (Load Tap Charger) and regulator life management. Effective
regulating device management via novel research. - Insulating medium degradation
management and monitoring, - Contact wear predictive models, - predictive maintenance
practices and determination of when.

Existing research: Product exists but does not trigger by analysis data EPRI.

Key research questions:

1. Can DGA rules be developed for each LTC make and model such that effective
diagnosis is possible?

Can sensors be developed that cost effectively predict LTC failure progression?

Can vibration and ultrasonic technologies be advanced further to become
reliable predictors of LTC condition?.

Transformer Life Management. Summary not yet provided.

Existing research: EPRI, BPA TEC model.

Key research questions:
1.  Questions not yet specified.

Condition-based quasi-dynamic rating. Summary not yet provided.

Existing research: EPRI P35.013?

Key research questions:

1. Whatare the current improvements in applications, thermal models,
instrumentation, secure telemetry, and new case studies available?
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Transmission Services

Product/Service Area : Roadmap Portfolio

lll. Condition Monitoring, Inspection, Assessment, and Maintenance

D5 Availability of the next

1

1

1

: generation of component D3 Maintain pace of asset D4 Availability of Replacement I
1

1

1

1

D1 Cost defer attrition Assets 0

D2 Limited capital access

Drivers technology

CG2 Inspection and
Assessment methods to manage
the increased probability of
failure

CG4 Understanding of

degradation and failure modes Extend the life of the Asset

Capability

Gaps J L S —
TC3 Fundamental

I

I

| understanding of degradation
| and failure modes for each
|

|

|

1
1
| |CGL  Methods and Practices to
1
1
1

equipment class family by/make

system (i.e. oil filtering)
model

I

I

i P !

TC4 On-line closed loop mitigation 1
|

|

|

Technology
Characteristics

RD6 Evaluation of Aging Process in

Transmission and Distribution
Arresters

RD7 Electrical Performance and Aging
of High Voltage Polymer Insulators

Mississippi State University. High
Voltage Laboratory. Stanislaw

Mississippi State University. High
Voltage Laboratory. Stanislaw

RD8 Effective Maintenance and
Monitoring of Transformer Bushings

EPRI

1

1

1

1

1

1

1

1
Grzybowski Grzybowski 1

1

1
RD9 Electrical Performance and Aging N . 1 . . .

R&D of Transmission Line Fiberglass RD11 Circuit Breaker Life | RD13 Other Substation Equipment:
Crossarms Management I Equipment Ratings, Insulators,
Prog rams : Arresters, Current Transformers
Mississippi State University. High !
Voltage Laboratory. Stanislaw EPRI : EPRI
Grzybowski 1
o P L E L EE CEECEEE R g g g g g a

- Existing R&D Program or Project
- R&D Program Requirement

- Commercially Available Technology

- Commercially Unavailable Technology

- Capability Gap
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R&D Program Summaries

Evaluation of Aging Process in Transmission and Distribution = Key research questions:

Arresters. Summary not yet provided. 1. Questions not yet specified.

Existing research: Mississippi State University High Voltage Laboratory, Stanislaw :

Grzybowski.

Electrical Performance and Aging of High Voltage Polymer Key research questions:

Insulators. Summary not yet provided. 1. Whatis the degradation process in high voltage polymer insulators?
Existing research: Mississippi State University High Voltage Laboratory, Stanislaw

Grzybowski.

Electrical Performance and Aging of Transmission Line Key research questions:

Fiberglass Crossarms. Summary not yet provided. 1. Questions not yet specified..

Existing research: Mississippi State University High Voltage Laboratory, Stanislaw

Grzybowski.

Circuit Breaker Life Management. This project performs research to help Key research questions:

utilities better understand the implication of time- and stress-driven degradation in circuit 1. How can we assess the effectiveness of various diagnostics technologies -
breakers and develops tools, methodologies, and information to enable effective methods develop metrics to assess the effectiveness of circuit breaker diagnostic
for instituting condition-based maintenance or selecting the most appropriate material, techniques?

work practices, and tasks. It includes high-voltage and medium-voltage (13.8 kilovolt [kV] 2. What are the current industry practices in circuit breaker routine maintenance,
to 69 kV) breakers. diagnostic testing and overhaul?

Existing research: EPRI. 3. How can utilities use digital relays for condition monitoring?

Is it possible to develop innovative non-invasive techniques to assess the
dielectric condition of circuit breaker interrupters?

5. What gasses and trace compounds can be measured? What thresholds make
them significant for inclusion in a circuit breaker analysis?

Collaborative Transmission Technology Roadmap



Effective Maintenance and Monitoring of Transformer Bushings.
The objective of the proposed research is to better understand bushing problems,
magnitude, operating stresses, underlying failure modes and degradation rates and
provide utilities with guidelines for selection, application, procurement, maintenance and
testing to insure satisfactory bushing performance.

Existing research: EPRI P37.113.

Key research questions:

1.

o 1ok W

What are the failure modes and degradation mechanisms?

What are the gaps in online monitoring, offline testing and routine inspection?
How effective are commercially available online monitoring techniques?
What are some of the emerging technologies in power transformer bushings?
What is the industry failure trend for transformer bushings?

How to assess the present condition of bushings?

Other Substation Equipment. Summary not yet provided.

Existing research: EPRI.

Key research questions:

1.

Questions not yet specified.
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. . . . . Transmission Services
uctiserviceArea: ||l Condition Monitoring, Inspection, Assessment, and Maintenance Roadmap Portfolio

1 1
. . . | 1 : D3 Budget constraints (focus I
D6 Visual impression D5 Increase reliability I D1 Aging assets :. D2 Limited capital access on short-term budgets and five-year
o ! payback 1
1
1
Drivers A """"""""""""""" e e e s e e e e e e e ————— P

D7 Understanding risk of
failure

CG6  Quantifying probability
of failure anticipating rate of

CG2 Life extension
technology or new
maintenance practices

A

ariR L
Capabilit I1cG7  Need to address public :
p y || concern of visual appearance CG5  Corrosion rate by
Gaps of assets environmental conditions
1

CG4 Mitigation 1
techniques 1

1
1
1
1 | degradation
1
et e ittt e e el |
1
1
1
1

CGI1 Increase productivity by
applying different inspection methods
dependent on conditions from
screening to detailed inspections

CG3  Non destructive/non-
intrusive/non-contact test needed to
assess the integrity of steel

1
0 | - — - 1
1 | ,: TC4 Acoustic Emission on buried . . 1 TC3 Electrochenﬁcal corrosion |
1 " 1, | section oftowar leg. Develop TC5 Ultrasonic guided waves. 1 techniques (Linear Polarization
Tech nology ! | TCL Condition-based | TC2 Predictive maintenance !y | screening methods for corrosion Send guide wave towers tower i Resistance) or Galcanostae Pulse. |l
ek : maintenance 1 :I activity on buried section of leg. foundation to detect corroded 0 Need to develop test procedures .
Characteristics i 11| This could evolveinto an on-line zones | to apply these to towers |
1 | 1} Lmonitoring application :
1

R&D
RD2 Conductor, Shield RD3 Structure and Sub- :
Prog rams Wire and Hardware Grade Corrosion g?lg s:sb:;?gfn Ground
Corrosion Management Management
EPRI EPRI P35.003 EPRI

- Driver - Commercially Available Technology - Existing R&D Program or Project

- Capability Gap - Commercially Unavailable Technology - R&D Program Requirement
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R&D Program Summaries

Conductor, Shield Wire and Hardware Corrosion Management.

Summary not yet provided.

Existing research: EPRI.

Key research questions:
1.  Questions not yet specified.

Structure and Sub-Grade Corrosion Management. Structure and
foundation corrosion management by understanding how the environment influences
corrosion types, what practices should be used to locate the damage, and what methods
are appropriate to remediate and mitigate the corrosion damage. This applies also to
ground grids. Consider type of material, type of coating.

Existing research: EPRI P35.003.

Key research questions:
1. How does soil acidity affect the rates of corrosion?
2. What are effective inspection mechanisms (non-intrusive)?

3. What is the effectiveness of mitigation technology such as counterpoise and
grounding techniques?

Substation Ground Grid Research. Summary not yet provided.

Existing research: EPRI.

Key research questions:
1.  Questions not yet specified.
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Drivers

Capability
Gaps

Technology
Characteristics

R&D
Programs

Transmission Services

uctiserviceArea: |Il. Condition Monitoring, Inspection, Assessment, and Maintenance Roadmap Portfolio

D2 Budget constraints

1
1
1 (oAl jucieassleliSoilicy : (focus on short-term budgets
1
1
1

reducing relay miss operations and five-year payback)

|
|
1
1
1
|
1
e e e e e e e e e e e e e e e e e e e e e e e =
|
|
1
|
1
|
!
.

|
i i
ggla mgsnﬁgniﬁla\‘:ld:;%st?n 11|05~ Relays are changing D4 Increasingly complicated 1|D8  Limited availability of D6  Relay B - iEeap
testizg | o= : rapidly. Short life span relays and applications ! | qualified relaying personnel o@D 1 !|standards
| 1
Il— — e o o e e o e o e e e e — I — o ——— —I
boocoooocosooooooocooobocooss pocococooocooocaconooococoon Loococooocooor soooos

CG6  Common
Information model for Relay

1

1 CG5  Need for visibility of CG1 Increase productivity
setting and management: 1

|

1

r
: 1
ey Sl [e5s I | relay settings system-wide 1| (i.e., reduce the need for staff
1
1
1

: CG4  Ability to secure data
I protection

when transmitting to a

and remotely 11| to do on-site inspections) central point

Data model and Methods

1 1
CG3 Managing the configuration of protective X ) 1
i i i i fegt I'lce2 o I
relaying used in multi-function applications vercoming silo. |
(protection, control, and indication). Large | | Data - operations
amount of configuration setting data to manage 1 1
Lbooooocoooo ol
L i
B T S T B e B T
i TC1 Ci h °
| ommon architecture - across ] TC4 Settings management
' manufactures system (or ability) to TC3 Visual connections and I«?r?fi A:.’:;)H:ﬁeodf ita‘lf:g:ziggntrol E solutions address - regulatory
H umf_ormly visualize and manage device topology e g compliance and auditing needs
| settings and network connectivity :
1
Lo e e mmmm o o o e

RD1 Protection and
RD3 TIProgram - Settingless Control
Protection

EPRI

- Driver - Commercially Available Technology - Existing R&D Program or Project

- Capability Gap - Commercially Unavailable Technology - R&D Program Requirement
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R&D Program Summaries

Protection and Control. Relay mis-operations can adversely impact system
operation and disrupt electric service. The project aims to develop new methodologies,
processes, and tools to assist utilities in the efforts of reducing complexity, human error
and cost in protection system maintenance and asset management, prevention of relay
miss-operations through effective configuration management processes, improving
reliability and sustainability of utility industry's mission-critical protection and control
infrastructure.

Existing research: EPRI.

Key research questions:
1. How do you establish consistent systematic and repeatable process?

2. How can we use self-diagnostic relay information to effectively comply with
regulation?

Practices to improve utility understanding?
Guidelines for relay settings management?

What is the scientific basis for determining maintenance intervals?

A

How to specify engineering requirements for interoperable protection and
control system based on IEC 618507

7.  What is the feasibility of setting-less protection?

Settingless Protection. New protection and control approaches are being
developed based on fundamental physical laws, simple rules such as “the sum of all
currents into a node must equal zero,” and readily measurable parameters that together
provide a valid indicator of where reliability boundaries lie and how fast they are being
approached. The objective is to replace deterministic protection settings based on legacy
methods developed for electromechanical relays with flexible, adaptive, and intelligent
approaches. The overall health of the system will be monitored and protected from the
bottom up, one zone at a time, using real-time data, modern numerical relays, advanced
power system modeling and analytics, digital signal processing, and high-speed
communications.

Existing research: None identified.

Key research questions:
1. What fundamental physical laws can be applied to settingless protection?

2. What flexible, adaptive, and intelligent approaches must be taken to replace
deterministic protection settings?

3.  What methods can demonstrate the effectiveness and robustness of settingless
protection?
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. . . . . Transmission Services
uctiserviceArea: ||l Condition Monitoring, Inspection, Assessment, and Maintenance Roadmap Portfolio

D5 Valid credible D4 Effectiveness of

D6 Enable Fleet

1
1
1
\ ) I
asset/system data key to Fleet maintenance and renewal D3 Increase reliability D2 Increase safety
. : Management I HERERETET programs I
Drivers i
————————————————————— m--omo-o-o-o-ooo-- - | \

1 | m— S

——————————————————————————————————— D7 Serve as an
information source for all
roadmaps of Condition
Monitoring, Inspection,
Assessment and
Maintenance

CG2 Business
intelligence /reporting tools

CG5 Standard
(industry) performance

I
1
1
1
1
1
[ = = = = = e = = === — —_—— - _______________________:________.l
1
1
1
1
|

S —_——— = ——

other independent variables

1
A 1
OH reporting methodolo

Capability I  LEEED el |
| oo _____ 1
Gaps L Sy W R ,

I /CG6 Ability to driv?meaningful o ! " o 1 L
I ' | conclusions for the data (i.e. How did | CG1  Factual, quantitative : CG4  Application of statistics and CG3  Localized weather 1
| ! performance improve?). Need ways to asset and condition data that i statistical process control such that we can 1 TRt e EnviEr e 1
: apply statistical analysis, application of | | can serve as a basis for || forecast performance with gqoc‘i‘_accuracyl.l N ceiciiioe (at the structure) i

I | |data analysis tools, isolate out weather and 1 investment decisions 1 How do we tell if our system is "in control 1

[ 1
1 1

1
1 1
1
" Tc1  Equipment database - TC4  Ability to aggregate . | TC3  US GIS Maps of
i f E : ; Environment mental
h | i typ?, manufacture year (failure / UII!IfIy da(;ata(;)ross the industry : TC2 Failure mode models : e LRI e (D
1 | performance; uniform database
Techno ogy :n 2 ) 1 : power system
. H
Characteristics [ E———————— T eecmomooceeemmmmmoes 8 i
_____________________________________________________________________________ 1
TC6 Model for relating
measures of equipment stress
and failure modes, causes, and
mechanisms
RD2 Other Substation Equipment: . .
Equipment Ratings, Insulators, Arresters, ED4. Induts'tnry-}mde RDL M res and str / RD3 GIS layers for quantities of
Current Transformers and Infrared Based unlgmen erformance easures and stresses interest to transmission utilities
R&D Inspection and Monitoring atabase forc‘es on equipment correlated to (high resolution)
equipment performance
Programs EPRI EPRI PSERC

- Driver - Commercially Available Technology - Existing R&D Program or Project

- Capability Gap - Commercially Unavailable Technology - R&D Program Requirement
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R&D Program Summaries

Other Substation Equipment: Equipment Ratings, Insulators, Key research questions:

Arresters, Current Transformers and Infrared Based Inspection 1. What s the novel equipment?

and Monitoring. Inspection, monitoring, assessment, maintenance strategies, and 2. How to apply and use this equipment?
equipment ratings tools and methodologies will be developed for the balance of the 3. What can be monitored?

substation in this project (i.e., all components not specifically handled in other projects).

Existing research: EPRI.

Industry-wide Equipment Performance Database. This project Key research questions:

provides participating utilities with aggregated data and information resources and 1.  What information will optimize population assessment decisions?
methodologies for equipment analysis not currently available to individual utilities to
assist in developing repair/refurbish/replace strategies for aging substation fleets. The
project collects equipment performance and failure data in a common format from many
utility sources to establish a database that enables statistically valid analysis to better
determine equipment failure rates, identify type issues early, and help identify best
maintenance and specification practices.

2. What improvements can be made to Population Assessment Software?
3. What are the key terms regarding failure (such as failure of protection devices)?
4

What are the needs and drivers for development of a uniform data model?

Existing research: EPRI P37.103.

GIS layers for quantities of interest to transmission utilities Key research questions:
(high resolution). Summary not yet provided. 1. Questions not yet specified.

Existing research: PSERC.
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Measures and stresses / forces on equipment correlated to

equipment performance. Understand the correlation between stresses / forces
on equipment and projected future performance with basis on fault trees showing
possible failure modes, mechanisms, and causes.

Existing research: EPRI?

Key research questions:

1.

How can we identify data that are necessary to derive meaningful metrics -
equipment failure rates, equipment performance characteristics?

How can we develop data models that will allow utilities to collect asset data
(by family, make, model. age) in a consistent manner?

How can we establish a common definition for the failure of an asset?

How can we track the inventory of assets that are in service or have historically
failed or retired from service?

November 2013
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Product/Service Area :

Drivers

Capability
Gaps

Technology

R&D
Programs

Characteristics

CG5  Productivity for

inspection and assessment

I1l. Condition

Monitoring, Inspection, Assessment, and Maintenance

Transmission Services
Roadmap Portfolio

I |1

Aging assets need
1 close and frequent monitoring
during the life extension phase

D3 Increase reliability

(productivity improvements)

D4 Reduce O&M and capital

e o =

CG6
"at risk assets" during "life

Close supervision of

CG1 Capture relevant,

scientific data of asset condition
for forecasting impending

Portfolio of cost
effective communication

CG3

1

1

Use of online condition .
monitor to operate equipment 1
1

1

1

1
1
1
1
D2 Increase safety :
1
1
1
1

CG2 Substation security and
prevention of malicious acts
(impact to reliability, impact to
asset health & life)

- A

TC1  Machine visions
sensor fusion

relevant, ease to deploy
sensing technologies that
can be integrated into
aged equipment

kinds of faults that can be detected
and overcome limitation with drain
value mounting approach on long

term monitorin

RD2 Suspect equipment
continuous monitoring kits —
Equipment Condition Indicator

EPRI/MISTRAS

- Commercially Available Technology

sensors for condition assesment of
HU equipment (breakers,
transformers, potential
transformers)

extension” phase failures through the application inducing F150 method at limit
* of algorithms and statistics
________________________________ 1 e e e |- - T T s s
TC3 Communications
Roadmap
‘ ____________________________________ 1
TC5 Retrofitable , TCI13 UHF sensors - Learn about TC15 Development of wireless AE TC6  Future

ahead

forecasting of dynamic
ratings, particularly day

TC9
complete transmission
lines - identification for
sabotage

TC11 Optl‘mize normal
condition monitoring for
the vandalization threat
(algorithms and alarms)

Surveillance of

RD11 Reliabil
assessment of power

RD3 Unmanned Aerial

system equipment Vehicles
sensors (multi-decade)
EPRI P37.101 EPRI

- Existing R&D Program or Project

- Capability Gap

- Commercially Unavailable Technology

- R&D Program Requirement
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R&D Program Summaries

Suspect equipment continuous monitoring Kits - Equipment

Condition Indicator (RD2). Effective transformer life management via novel
research into failure prevention, life extension, life estimation, and optimal transformer
ratings.

Existing research: EPRI P37.101.

Key research questions:

1. Whatis the effectiveness and what are the limitations of the sensing
technologies?

2. What are new technologies that we can develop sensors for that provide a step
increase in robustness or a step decrease in overall costs?

3. What are the emerging sensors in the marketplace - both in the utility industry
and in other industries where sensor advances could be translated to
transformers?

4. How to approach suspect equipment safely

Reliability assessment of power system equipment sensors
(multi-decade). Summary not yet provided.

Existing research: EPRI P37.101.

Key research questions:
1. How do transformer sensors perform in terms of lifetime, drift, accuracy and
repeatability?
How can new sensors be manufactured to achieve >30yr life?

What are the test protocols/methodologies/accelerated aging tests that will
confirm multi-decade life of sensors?

4. What could be included in specifications to ensure that procured sensors meet
this need?

5. What technologies are available to include in sensors that will allow this
(previous question)?

Unmanned Aerial Vehicles for Vandalization. There is a potential that
unmanned air vehicles could be a valuable asset to utilities to help in their inspection of
transmission lines. This project will evaluate unmanned air vehicles (UAVs) and remote
sensing technologies for inspection and condition assessment of overhead transmission
lines. Researchers will first identify functional requirements for UAV inspection and
perform a market survey to identify available UAV inspection technologies, inspection
services, and their costs. Based on the findings, the project team will then conduct
laboratory and field demonstrations of promising UAV inspection technologies.(Source:
Unmanned Air Vehicles for Transmission Line Inspection}).

Existing research: EPRI.

Key research questions:

1. How can UAV technology be applied for inspecting transmission lines?
How can inspection and maintenance costs be reduced using UAVs?
What are the functional requirements for UAV inspection?
What are the currently available UAV inspection technologies?
What are the current FAA rules/requirements regarding UAVs?

o 1ok W

How can data from UAV inspections be integrated as an inspection process?
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Transmission Services

Product/Service Area : Roadmap Portfolio

[ll. Condition Monitoring, Inspection, Assessment, and Maintenance

D1 Aging assets need

1

1

| | close and frequent monitoring D4~ Reduce O&M and capital
1

1

1

28 (productivity improvements)

during the life extension phase

Drivers

1
1
1
Increase reliability 1
1
1
1
1

CG1 Capture relevant, scientific

data of asset condition for CG3 Use of online condition

CG6  Close supervision of “at

Capability
Gaps

Technology
Characteristics

CG5

Productivity for

risk assets" during "life

inspection and assessment

extension" phase

forecasting impending failures
through the application of
algorithms and statistics.

monitor to operate equipment at
limit

TC4 Robotics and
unmanned aerial
vehicles for inspection
of transmission assets

TC1  Machine visions

1
|
1
sensor fusion :
|

TC5 Retrofitable , relevant, ease to
deploy sensing technologies that can
be integrated into aged equipment

Develop sensing

elements, power harvesting,
and algorithms, and
communications

TC2 Better thermal

loading for transformers
and switches

1
1| Tes
1
1

TC7  Algorithms that define
equipment life based condition

_________L_________________ 52525252

RD1 Effective Maintenance
R&D RD10 Other station equipment and Monitoring of Transformer
Bushings
Programs
EPRI EPRI P37.113

- Capability Gap

- Commercially Available Technology

- Commercially Unavailable Technology

1
1
1
models for equipment 1
1
1
1
1

- Existing R&D Program or Project
- R&D Program Requirement
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R&D Program Summaries

Existing research: EPRI.
= Example

oo W N

Other Station Equipment. Summary not yet provided. Key research questions:
1.

What are the necessary condition assessment analytics that need to be
investigated?

What are easily deployable sensing on-line techniques?
What are best practices for rounds inspection with infrared cameras?
What are necessary thresholds to alarm on both on-line and rounds inspection?

What algorithms are necessary for alarming, maintenance, and life expectancy?

The objective of the proposed research is to better understand bushing problems,
magnitude, operating stresses, underlying failure modes and degradation rates and
provide utilities with guidelines for selection, application, procurement, maintenance and
testing to insure satisfactory bushing performance.

Existing research: EPRI P37.113.

S

Effective Maintenance and Monitoring of Transformer Bushings. ;| Keyresearch questions:
1.

What are the failure modes and degradation mechanisms?

What are the gaps in online monitoring, offline testing and routine inspection?
How effective are commercially available online monitoring techniques?
What are some of the emerging technologies in power transformer bushings?
What is the industry failure trend for transformer bushings?

How to assess the present condition of bushings?
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Transmission Services

Product/ServiceArea:  |[l. Condition Monitoring, Inspection, Assessment, and Maintenance Roadmap Portfolio

D1 Aging assets need

1 1

1 1
| )

: close and frequent monitoring D3 Increase reliability i |D4 Reduce O&M and capital
1

q i

1 1

during the life extension phase (fre ety e s
e e e o A ———————————————————— — - - - - — - - — !
@

CG1 Capture relevant, scientific data

of asset condition for forecasting CG3  Use of online condition

CG6 Close supervision of "at

Capab|||ty gfll;r?zisoerrf" ﬂ:;i:g "life el S da e Irprgir:itor to operate equipment at
Gaps P application of algorithms and statistics
A A A
[ teietetetntnininie’ ~Si i —— ‘_ ________________________________ 1
Technolo ! |Tes Retrofitagle ,relevant, TC8 Develop sensing ® - !
. gy 1| ease to deploy sensing elements, power harvesting, and TC6  Future forecasting of ,
Characteristics 1| technologies that can be algorithms, and dynamic ratings, particularly |
: integrated into aged equipment communications day ahead 1
1
b e e e e e e e e e e e e e e e e e e e e e e e e ———— — ————— 1
A
R&D
PI’Og rams RD4 Distributed temperature

sensing to better understand
equipment hot spots

EPRI

- Driver - Commercially Available Technology - Existing R&D Program or Project

- Capability Gap - Commercially Unavailable Technology - R&D Program Requirement
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R&D Program Summaries

Distributed temperature sensing to better understand Key research questions:
equipment hot spots. Summary. 1. How can sensors be made to be robust in the harsh environments of high
temperature, high flow, high acidic oil etc.?

Existing research: EPRI. 2. How can calibration be performed with no access to the sensing element?
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Transmission Services

Product/Service Area : Roadmap Portfolio

[ll. Condition Monitoring, Inspection, Assessment, and Maintenance

D1 Aging assets need

1

1

1 .
close and frequent monitoring : D5 (Reglrere QtA) G eeiz

1

1

1
1
1 . are
1 | D3 Increase reliability ot
. 1 during the life extension phase (plodichvimpiotenenis)
Drivers i
Y WP '
CG1  Capture reievant, scientific : "
data of asset condition for CG6  Close supervision of "at CG3_t Lise of ontllne cc_)ndmotn .
ili forecasting impending failures risk assets" during "life monitor to operate equipment a
Capablllty through the applica‘tio.n of extension" phase limit
Ga S algorithms and statistics
P A A A
_________________________ 8 Y
1
Technology s Devercening ® o6 Future ez Bentmermar | 1!

Characteristics

R&D
Programs

- Capability Gap

elements, power harvesting,
and algorithms, and
communications

|
1 i
1| TC7  Algorithms that 1
define equipment life !
1| based condition 1
I i

ratings, particularly day
ahead

1
1
1 | forecasting of dynamic
1
1
1

models for equipment
loading for transformers
and switches

RD6 Predict remaining

loss of life

equipment life and determine

EPRI

RD5 Condition-based Quasi-
dynamic rating

EPRI P35.013

- Commercially Available Technology

- Commercially Unavailable Technology

- Existing R&D Program or Project
- R&D Program Requirement
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R&D Program Summaries

Predict remaining equipment life and determine loss of life. Key research questions:
Summary not yet provided. 3. Questions not yet specified.

Existing research: EPRI.

Condition Based Quasi Dynamic Rating. Summary. Key research questions:
4. - What are the current improvements in applications, thermal models,

instrumentation, secure telemetry, and new case studies available?
Existing research: EPRI P35.013.
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Transmission Services

Product/Service Area : Roadmap Portfolio

lll. Condition Monitoring, Inspection, Assessment, and Maintenance

Characteristics

R&D
Programs

unmanned aerial
vehicles for inspection
of transmission assets

TC1 Machine visions
sensor fusion

ease to deploy sensing
technologies that can be
integrated into aged equipment

elements, power harvesting,
and algorithms, and
communications

- Capability Gap

|
|
L - _——_a

lines - identification for

sabotage

1
' 1
I |1 Aging assets need i | ) :
- 1 close and frequent monitoring ! |D3 Increase reliability I ?‘:oduc?isgjtuﬁrenor&c()’\\:le?r?gnfsa)pnal D2 Increase safety 1
Drivers during the life extension phase : P e :
I 1 | 1
- — - T T 1
gy i | PR QU |
Ry Y
U 1 [CG1  Capture relevant, scientific i o CG2  Substation security and
| e T I — CG6  Close supervisionof "at |1 | data of asset condition for forecasting | | CG3 Use of online condition preventioun i n:aliciou: ;gts
' linspection and asst)e/ssmem il @ielis” Gl i | |impending failures through the Ir_no_nnor 1D CEELS G & (impact to reliability, impact to
Capablllty 0 extension" phase i :{)a;‘)t:;cﬂzglson of algorithms and imit asset health & life)
|
1
Gaps [ T R A--- A A
NSl e e O e e e R e ® oo o e e e e B e
Technology ' "[Tca Robotics and TC5  Retrofitable , relevant, TC8 Develogsensing TC9  Surveillance of TC10 Suite of sensors

for surveillance for
substation security

|
| | complete transmission
|
|

harvesting

RD7 Storage for power

EPRI

- Commercially Available Technology

- Commercially Unavailable Technology

- — -

RD12 Physical Security

- Existing R&D Program or Project
- R&D Program Requirement
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R&D Program Summaries

Storage for power harvesting. Rechargeable / compact storage element /
temperature extremes / long life. Charge / discharge cycles - 10 years life or more.

Existing research: EPRI.

Key research questions:

1. How much potential energy for power harvesting is available at different
transmission and substation equipment?

What are the available power harvesting technologies?

How can solar, vibration, thermal electric, and magnetic power harvesting be
used to power existing sensor technology within transmission and substation
equipment?

4.  Is power harvesting a viable technology for sensor deployment?

Physical Security. Summary not yet provided.

Existing research: None identified.

Key research questions:
5. Questions not yet specified.
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L. . . . . Transmission Services
uct/serviceArea:  [Il. Condition Monitoring, Inspection, Assessment, and Maintenance Roadmap Portfolio
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R&D Program Summaries

Transformer Life Management. Effective transformer life management via
novel research into failure prevention, life extension, life-estimation, and optimal
transformer ratings.

Existing research: EPRI P37.101 BPA, ASSET STRATEGY TEC.

Key research questions:

1.

How can utilities maximize the use of their assets while maintaining system
reliability?

How do we improve effectiveness of transformer diagnostics, improve
condition assessment, improve knowledge retention and transfer, improve
aging assessment, and improve life extension techniques?

How do we provide improved insights into likely end-of-life scenarios for the
increasing population of aging transformers?

Which new oil chemical monitors could be effective for life estimation?

What novel filtration techniques exist for life extension through removal of
moisture, oxygen and acidic byproduct?

Circuit Breaker Life Management. This project performs research to help

for instituting condition-based maintenance or selecting the most appropriate material,

to 69 kV) breakers.

Existing research: EPRI.

utilities better understand the implication of time- and stress-driven degradation in circuit
breakers and develops tools, methodologies, and information to enable effective methods

work practices, and tasks. It includes high-voltage and medium-voltage (13.8 kilovolt [kV]

Key research questions:

1.

How can we assess the effectiveness of various diagnostics technologies -
develop metrics to assess the effectiveness of circuit breaker diagnostic
techniques?

What are the current industry practices in circuit breaker routine maintenance,

diagnostic testing and overhaul?
How can utilities use digital relays for condition monitoring?

Is it possible to develop innovative non-invasive techniques to assess the
dielectric condition of circuit breaker interrupters?

What gasses and trace compounds can be measured? What thresholds make
them significant for inclusion in a circuit breaker analysis?

Collaborative Transmission Technology Roadmap

135



. . . . . Transmission Services
Product/Service Area:  ||l. Condition Monitoring, Inspection, Assessment, and Maintenance Roadmap Portfolio
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R&D Program Summaries

Substation Ground Grid Research. Summary not yet provided. Key research questions:
6.  Questions not yet specified.
Existing research: EPRI.
Compression Connector Management. This project provides a holistic Key research questions:
approach to the inspection and management of compression connectors. 1. What are the performance issues regarding compression connectors operating
at 100 deg C and below?
Existing research: EPRI P35.004. 2. What are the currently available technologies?
3. What are the IR thresholds for connector inspection?
4. What are the factors affecting the life expectancy of compression connectors?
5. How do you identify high-risk connectors?
6.  How do you mitigate high-risk connectors?
Polymer Insulator Population Assessment Software. This project Key research questions:
addresses the use and maintenance of composite transmission line components. Through 1. How do we accurately estimate end of life?
this pro_je(_:t, m_embers learn how to select, install, inspect, and maintain composite 2. How to detect defective insulators?
transmission line components used throughout the world. .
3. How to keep track of populations installed?
Existing research: EPRI P 35.011. 4.  What is the actual failure rate of the installed population?
5. Whatare tools currently available to determine the electrical integrity of
polymer insulators?
Software to help Asset manager decide when to maintain, Key research questions:
repair, or replace an asset. Summary not yet provided. 6. Questions not yet specified.

Existing research: EPRI.
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Protection and Control. Summary not yet provided. Key research questions:
7.  Questions not yet specified.

Existing research: EPRI.
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Transmission Services

Product/ServiceArea:  |Il. Condition Monitoring, Inspection, Assessment, and Maintenance Roadmap Portfolio
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R&D Program Summaries

Better understanding and modeling of failure models. Summary not | Key research questions:
yet provided. 8.  Questions not yet specified.
Existing research: EPRI.
Risk Based Substation Equipment Asset Management. Condition Key research questions:
information combined with analytics based on fundamental understanding of the 1. How can we develop algorithms to assess the condition of the fleet of substation
equipment (built, designed, operated, and maintained) are brought together to provide assets (transformers, circuit breakers, batteries, disconnect switches, etc.)?
decision support for 1m_proved pe_rformance and risk nr_lanag_e_mer_lt. 0ng01r_1g R&D efforts 2. How can we develop an approach/methodology to incorporate condition
are focused on_dgveloplng condition assessment and rlsk_ mlt_lgatlon algorl_thms to indices, operational requirements and business strategies into risk-based
understand existing performance for transformers and circuit breakers with tasks ihi ot 2

; ° A ; mitigation plans?
underway to extend efforts to include other substation equipment, substation bay and . L . .
extension to the complete substation. 3.  How can we develop tools and guidelines for establishing substation equipment

spares strategy?
Existing research: EPRI P37.111 BPA TEC model - BPA uses an approach - standards 4.  How can we develop approaches that incorporate risk indices from individual
PBS/ISO. asset fleets into risk indices for the subsystem (for example substation)?
Other Substation Equipment. Summary not yet provided. Key research questions:
5. Questions not yet specified.

Existing research: EPRI.
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Transmission Services

uctiserviceArea: ||l Condition Monitoring, Inspection, Assessment, and Maintenance Roadmap Portfolio
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R&D Program Summaries

New and Emerging Inspection and Sensing Technologies. This
project documents the latest inspection and sensing technologies for overhead
transmission lines, as well as early adopters' experiences with these technologies. Some
technologies are tested and evaluated and results made available. Test results and
demonstrations help members make more informed decisions when deciding whether to
deploy such technologies.

Existing research: EPRI.

Key research questions:

1.

What are the gaps in available inspection technologies to evaluate the condition
and remaining life?

What technologies need to be developed to fill these gaps?
How can we automate existing technologies?

How can we evaluate and refine the performance of existing technologies to
integrate data, develop and implement algorithms and alarms?

Evaluation of nondestructive techniques to locate partial
discharge in oil-filled equipment in service to understand its
condition and provide early warning of active faults. Understand
limitations of each technique. Understand correlation between techniques per failure type.
Set evaluation criteria per design/class.
Existing research: EPRIL

= Example

Key research questions:

i,
2.

Are there new parameters that should be measured?

How rapidly do different failure modes progress and hence what alarming
approaches are applicable?

Which failure modes do not provide any measurable signals for warning?
Are there techniques to provide a measure of the confidence in the alarm?

What is the effectiveness of each technique to preventing failure - and hence
what is the economic viability of applying the technique?

Autonomous robots that can traverse structures without
retrofitting lines. Summary not yet provided.

Existing research: EPRI.

Key research questions:

1.

How can the robot cross a tower without compromising the insulation between
the line and tower structure?

What different sensing technologies can be applied?

What data from the robot will be transmitted to Operation and Maintenance
Departments?

How do the power harvesting devices on the robot perform under different
environmental conditions?

How can the robot be refined for reliability?

How can the robot transmit and receive information from all the sensors and
on-board devices?

What algorithms are necessary for communication between on-board devices
and Operation and Maintenance departments?
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Testing and evaluation of porcelain/glass disc insulators. This Key research questions:

project addresses the use and maintenance of composite transmission line components. 1.  Are current test methods sufficient to assess insulator integrity?
Through this project, members learn how to select, install, inspect, and maintain 2.
composite transmission line components used throughout the world.

What non-destructive tools are available to test insulators?

3. How many punctures insulators can be allowed before a flashover causes
Existing research: EPRI. mechanical failure?

4.  How do the available Room Temperature Vulcanized coatings perform under
various environmental conditions?

5. How do broken insulators in service that become exposed to thermal variations
perform prior to removal?

6. How do different stresses to the insulators impact strength performance of new
porcelain/glass discs?

How to apply UAVs to transmission applications. Summary not yet Key research questions:

provided. 1. How can UAV technology be applied for inspecting transmission lines?
Existing research: EPRI. How can inspection and maintenance costs be reduced using UAVs?
What are the functional requirements for UAV inspection?
What are the currently available UAV inspection technologies?

What are the current FAA rules/requirements regarding UAVs?

Oy (O1N W I

How can data from UAV inspections be integrated as an inspection process?
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ENGINEERING & ASSET MANAGEMENT

FIELD PRACTICES

Description of the Field Practices Technology Area

New and enhanced field practices can improve worker safety and
power system reliability while reducing capital and maintenance costs.
Examples include switching safety and reliability, liveline maintenance
practices, improved grounding procedures, vegetation management,
etc.

Section Summary

This Technology Area is concerned with safety, reliability, and cost
reductions. This is a very important Technology Area when you
consider that there have been two recent electrical worker fatalities in
the Northwestern United States. The first was a fall from a structure
that may have been prevented, had there been a technology that
enabled 100% attachment while climbing (see Fall Protection
roadmap). The other fatality occurred at a worksite that was not
bonded properly. It is possible that use of a ground potential meter
would have alerted the crew to the hazard before the fatality occurred
(see Protective Grounding and Bonding Practices roadmap).
Additionally, there has not been enough work in this Technology Area
at U.S. universities and laboratories.

Fall Protection

The primary concern of this roadmap is safety. To avoid placing
workers in harms way, transmission owners and operators should
strive to avoid climbing in the first place. For instance, it can help to
have an automated inspection by flight inspection or a robot that runs
along wire. When climbing is expected, transmission owners and
operators should design the towers to support anchorages and design
effective and easy-to-use personal protection equipment. We need
materials that work well for harnesses, for arc flash, durability, and
flexibility. The application of new materials, like insulated rope (“hot
rope”) can be explored. The industry needs work on rescue and
training.

Barehand and Live Line Maintenance

There is a need to determine minimum approach distances. The
methodology is available through standards like IEEE 516, but
transmission owners and operators would like to predict and model
this parameter with a tool; they want to have a real time warning for a
worker who might be coming too close to an energized conductor. How
can one test insulators prior to approaching live lines for work?
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Robotic tools are a possibility. It may be cheaper and safer to test
remotely. A tool might send a signal over a line to determine which
insulators have excessive leakage current. Transmission owners and
operators are inventing their own procedures and techniques for live-
line work. Transmission owners and operators need a database for
shared practices that can give structures design-specific information.

Switching Practices

Can transmission owners and operators have a tool that automatically
generates needed switch-order sequences? How can it be integrated
into the automation, including the remedial action scheme (RAS)? Can
transmission owners and operators use such an automated tool and
how would they maintain institutional knowledge to ensure that staff
remain capable of executing manual switching when necessary?
Should the automated tool only be used for benchmarking manual
methods?

Protective Grounding and Bonding Practices

There is a need for tools and modeling to understand hazards like
induced currents and ground potential rise. For instance, a de-
energized line can have induced currents from a parallel live line. This
situation would be good to identify ahead of time. How can we measure

this in the field? There is a technique close to commercialization,
through a WAPA project. It can observe hazardous ground potentials
rises and produce an alarm. A proximity voltage detector is useful. It is
placed on a hot stick to make measures high above. These devices are
commercially available but in some situations the device does not work
in a live yard due to false alarms. It can be difficult to differentiate
between an energized line and a de-energized one with induced voltage
on it. We need a better single-point grounding technique for
maintenance projects. Transmission owners and operators could work
together to identify the best practices and methods for determining the
single-point grounding.

Vegetation Management

Vegetation management practices could be improved through a more
cost-effective way to collect Laser Identification Detection and Ranging
(LIDAR) data in a timely manner. Line crawlers and unmanned aerial
vehicles (UAVs) could help. Transmission owners and operators need
improvements in analyzing the data for accuracy and making it
available quickly. Some data analysis exercises can take six months to
get results; this is unacceptably slow, considering that it is possible for
a tree to grow as much as fifteen feet in this amount of time.

The insights and observations above were distilled from the input of
the following subject matter experts who participated in Workshop 2:

=  Kevin Howard, Western Area Power Administration
»  Sara Madugula, Tennessee Valley Authority

*  Loui McCurley, Pigeon Mountain Industries

= Ron Rowe, Bonneville Power Administration

=  Michael Staats, Bonneville Power Administration
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Transmission Services

Product/Service Area : IV. Field Practices Roadmap Portfolio
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R&D Program Summaries

Conductivity of rope. This project should identify the criteria, by which ropes
should most appropriately be measured specifically, what is the potential exposure,
including levels, time, wet, and dry.

Existing research: EPRI - Life Working Research 35.010.

Key research questions:

1.

What is the voltage with stand capability of the rope when making direct
contact with the conductor?

What is the expected mechanical performance of aging ropes caused by
humidity, corona and mechanical stresses?

Are the dialectic requirements presently incorporated in the standards enough?

How is the dielectric performance of existing rope? Especially in regards to
rescue applications where it can be expected that the rope, on one side, will be
in contact with the conductors and on the other side connected to ground, when
lowering a possible fall victim to ground.

Unmanned airborne vehicles. Summary not yet provided.

Existing research: EPRI.

Key research questions:

1.

W

How can UAV technology be applied for inspecting transmission lines?
How can inspection and maintenance costs be reduced using UAVs?

What are the functional requirements for UAV inspection?

What are the currently available UAV inspection technologies?

What are the current FAA rules/requirements regarding UAVs?

How can data from UAV inspections be integrated as an inspection process?
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Transmission Services
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R&D Program Summaries

New tower design specifications - Tower fall protection

anchorage. What performance design characteristics should towers possess? (New
construction). This includes clearance, facilitate save climbing and fall protection and
rescue.

Existing research: ERPI 37.007 and 37.008 Design of overhead structures for ease of
maintenance and construction.

Key research questions:

1.  What are the design requirements that need to be included in new tower
designs to facilitate climbing using various climbing gear and also supporting
anchorage for fall arresting?

2. What are key clearance features and other characteristics to enhance the
performance and safety of Life working

3. What are the design criteria for anchorage points for workers, tools and rescue
as well as climbing fixtures for making climbing easier and safer?

4. What is the cost effectiveness of design stage implementation versus retrofits?

Fall protection modifications necessary to work on top of

substation equipment. Devices/modifications need to be developed for
substation equipment that will make PCBs, transformers, and etc. more fall protection
equipment compatible.

Existing research: None identified.

Key research questions:

1. Isthere aneed to define a complete new standard for climbing and fall arresting
technologies when performing work on structures that are lower than 17 1/2
feet. All present standards are assume a free fall of 17 % feet.

2. What are the technologies available from other industries to make work on
elevated structures of less than 17 % feet height in the substation safer?
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R&D Program Summaries

Material for Harness (Fall Protection). To determine what criteria are Key research questions:
essential for materials selection for harness for work at height in proper transmission. 1.  What are the key design contributors to comfort and injury prevention during
This project should correlate actual need with performance. This research can be shared normal working conditions?
Wlth fall protection requirements form F)ther industries. Dielectric properties are 2. Whatare the key design contributors to comfort and injury prevention during
important to ropes but not the harness itself. the traumatic arresting phase for the fall?
Existing research: [EEE standards and Manufacturer’s Research. 3. What are the key design contributors to comfort and injury prevention during
the suspension phase after the fall?
4.  What are the key design contributors to comfort and injury prevention during
the rescue phase?
Fall protection training and bare holding live wire. Key research questions:
Modeling/simulation tool to show the effects of a fall and to calculate fall distances/forces 1. Whatare the forces at play when multiple workers are attached to the same
on a structure. anchorage points and what are the coincidental and non-coincident fall forces at
. . . play? What is the effect of multiple mechanical traumas on the anchorage
Existing research: None identified. points?

Collaborative Transmission Technology Roadmap

153



Transmission Services

uct/Service Area : |V F|e|d Practices Roadmap Portfolio

I
I
1 [}
1 i 1 "
. 1 . . !
Drivers D2 Reducedoperations || | | |p1  Safety (includes I'{os  pushfor significant I [D3  Increased demand for O e SCEElIng (G oL
and maintenance budgets 11 equipment and personnel safety) | | |productivity gains | transmission availability for outages) T 1y
1
1 | 1 J : 1
Lhoocoooooococooooooooooorooconoooooooooonooooodoocooooooocooooconcoooooooooooocooooonoooooood — |
————————————— 'I—’t————————————————l————————————————l————————————————————————————————r—
I
I D4 Increase reliability (bulk ! |
11 electric system, tools) 1 |
[ | I
e —

CG1 Industry wide knowledge
sharing on different towers

Capablllty configuration l
_____________________________ A

Gaps : :
1 A 1 o q
CG4 Work/research done to " CG3 Exchange tools line CG2 Improve training (provide
better understand minimum ! ggzcwPf&s'gg{gfﬂor’:gﬁée D ropes, use of robotics, ladders, : automated solutions, e.g.
approach distance : 9 etc.) : dispatcher training modules)
Lo e e e e e e e e e _—— -
L e 1
i TC2  Warni tem to alert i @
1 arning system to aler: 1
TeCh NO|Ogy I |TC4 Empirical testing to verify or || workers when approaching I | TC3 Robotic possibilities for line TC1  Structure type and work
Characteristi cs : to adjust the minimum voltage minimum approach distance or : inspections and live hardwire practice database for live line work
1 | clearance distance ground when working bare hand | inspections procedures
1 1
1 1
e !
0 1
RD4 Hazardous exposure level ! RD1 Overhead Transmission i 1
R&D warning system : Line Robot RD2 NCI Inspection Robot :
1
Programs i !
1 EPRI Technology innovation 0
: EPRI program 1
1
1
1

- Driver - Commercially Available Technology - Existing R&D Program or Project

- Capability Gap - Commercially Unavailable Technology - R&D Program Requirement

November 2013 154



R&D Program Summaries

Overhead Transmission Line Robot. An overhead transmission line
inspection robot that is permanently installed on the shield wire is being developed. The
robot will traverse 80 miles of line at least twice a year, collecting high-fidelity information
that utilities can act on in real time. As the robot crawls along the transmission line, it uses
various inspection technologies to identify high-risk vegetation and right-of-way
encroachment, and to assess component conditions. Project Status: Development and Lab
Testing.

Existing research: EPRI.

Key research questions:

1. How can the robot cross a tower without compromising the insulation between
the line and tower structure?

What different sensing technologies can be applied?

What data from the robot will be transmitted to Operation and Maintenance
Departments?

4.  How do the power harvesting devices on the robot perform under different
environmental conditions?

How can the robot be refined for reliability?

How can the robot transmit and receive information from all the sensors and
on-board devices?

7.  What algorithms are necessary for communication between on-board devices
and Operation and Maintenance departments?

NCI Inspection Robot. A robot is being developed that crawls along and inspects a
transmission line non-ceramic insulator (NCI), also called a composite or polymer
insulator. The initial sensor payload for the robot will be the Live Working NCI Inspection
Tool that EPRI is developing to identify internal conditions that may preclude live work. A
functional specification and a concept for the robot have been developed. A detailed
design for a technology demonstrator has been completed and the device is currently
being constructed. The next phase is to test the technology demonstrator, confirm that the
concept works, and identify improvements.

Existing research: EPRI Technology innovation program.

Key research questions:
1. What are the internal conditions of an insulator that may preclude live-work?
2.  What are adequate tests?
3. What improvements can be identified?

Hazardous exposure level warning system. Develop a warning
mechanism for workers to wear/carry so that they can know they are approaching a
hazardous level of electrical exposure. The key issue that needs to be resolved is how to
determine the level of transient voltages based on measurement of the steady state
electric field measurements.

Existing research: None identified.

Key research questions:

1.  What s the technical basis to determine the surge voltages to be expected that
can be continuously monitored at the work place ?

2. What are the options to determine the distance from all possible high voltage
exposed conductors?

3. How would the sensor need to be placed on the life working personnel to be
effective relevant and safe?
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Transmission Services

Product/Service Area : IV. Field Practices Roadmap Portfolio
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R&D Program Summaries

Switching Safety and Reliability. This project aims to develop controls and
procedures that prevent errors, error-likely situations and near-misses in power
switching (both in the control room and in the field), enhance worker and public safety,
and improve power delivery reliability.

Existing research: EPRIL

Key research questions:

1. How can the switching location be verified through GIS and or machine
readable tags to ensure that the switch is really the intended device to be
switched?

2. How can the status of each of the devices be automatically verified before
starting of the switching procedure?

Develop online training that simulates power system switching
to reduce switching errors. Summary not yet provided.

Existing research: BPA, EPRI.

= Example

Key research questions:
1.  What specific content will enhance the performance of switching personnel?

2. What specific content will result in switching personnel’s stricter compliance
with company procedures?

3. What “coherent narrative” would aid switching personnel in learning?
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Transmission Services

Product/Service Area: IV. Field Practices Roadmap Portfolio
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R&D Program Summaries

Develop voltage detector that is not falsely triggered by
interference. Summary not yet provided.

Existing research: EPRI - Technology Innovation.

= Example

Key research questions:

1.  What are the key filter algorithms necessary to suppress the interferences
caused by partial discharge corona and other EMI sources in the substation?

Modeling tool for predicting ground potential rise and induced

currents. Develop modeling tool for predicting ground potential rise and induced
currents in parallel transmission line conditions.

Existing research: None identified.

Key research questions:
1. What are the gaps to modeling the ground grid?
2. How can you manage a population of aging ground grids?

3. How can you develop an assessment approach that can articulate the condition
of the ground grid, encapsulate expert knowledge and provide decision support
to multiple key stakeholders (engineers, asset managers, field personnel etc.)?
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1 1 1 :
1 1
1 1 1| D3 Push for significant
g D6 NERC and FERC 1| D2 Increased reliability !| productivity gains (includes need eDlui m:,?{eszfgfeoﬁlsesafg?est |
Drivers 1 regulations || (tess outages) 1| to rely on automation precision fi(r:lesp ublic safe);’) I
1 ' 1| process improvement) L Y.
1 1
P |
1 1
1 . 1 | D4 Balancing need for long-
: dDLTe @ p%%h/lccosm lCciease : term equipment reliability with
! decreasing or static maintenance
: education/support : budgets
1
Bocoooooad T _______ ;
CG2 Use of un-manned
HH vehicles to do LIDAR or high
Capablllty resolution optical tools
Gaps
e ®o—————— T T T T T T T T T T T T T T A 0
| CG4 Develop trigger 0
1 |CG1  Improve LIDAR/tools Data procedures for vegetation :
I | acquisition/analysis management to minimize overall | ;
H cost 1
e 1
5 |
1 1
TC1 Data analysis techniques to ! . i
predict vegetatioﬁ re-inspec?ion or | 1 TC2  Reduce cost of collecting LD [ i
Tech n0|09y cutting triggers/timing 1 LIDAR data Protection roadmap 1
. . 1 1
Characteristics : :
R&D 2 Develop modeling R&D 1 Unmanned Airborne
tool to predict vegetation Vehicles
encroachment on
R&D transmission lines EPRI

Programs

- Driver - Commercially Available Technology - Existing R&D Program or Project

- Capability Gap - Commercially Unavailable Technology - R&D Program Requirement

November 2013 160



R&D Program Summaries

Unmanned Airborne Vehicles. Transmission line inspections are essential to
pinpoint stressed or at-risk components prior to failure, preventing outages and
optimizing maintenance efforts. Traditional inspection methods are costly and labor-
intensive. Utilities use manned aircraft for fast and slow fly-by patrols, and also conduct
walking or driving line patrols, as well as climbing or bucket truck inspections. This
project will evaluate rotary and fixed-wing unmanned air vehicles (UAVs) and remote
sensing technologies for inspection and condition assessment of overhead transmission
lines. This will include sensor, navigation, and communications technologies, UAV
inspection service providers, and costs. Project Status: This project has not yet started.

Existing research: EPRI.

Key research questions:
1. How can UAV technology be applied for inspection of transmission lines?
How can inspection and maintenance cost be reduced using UAVs?
What are the functional requirements for UAV inspection?
What are the currently available UAV inspection technologies?

What are the current FAA rules/requirements regarding UAVs?

o 1k W

How can data from UAV inspections be integrated as an inspection process?.

Develop modeling tool to predict vegetation encroachment on
transmission lines. Summary not yet provided.

Existing research: None identified.

Key research questions:

1. How to identify and differentiate various species of vegetation using near
infrared surveillance?

2.  How can we integrate additional sensors to existing sensors and robots to
enable vegetation surveillance?

3. How can we integrate the models of fast growing species of vegetation used by
agriculture and forest management?

4.  Determine what the cost thresholds are to apply advanced models and
technologies?
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Transmission Services

Product/Service Area: IV. Field Practices Roadmap Portfolio
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R&D Program Summaries

Line design for compact structure. The objectives of this project are to Key research questions:
develop a design approach for overhead line designers that will allow them to determine 1. What are the options utilities have for designing overhead line to enhance their
the reliability of overhead lines and to develop the electrical clearance and mechanical performance in regards to specific features such as minimum ROW
requirements for reliable high-voltage compact lines. requirements?
Existing research: EPRI 35.008. 2. What are the complete performance criteria of such lines?
Demo of application geotag. Summary not yet provided. Key research questions:
1.  Questions not yet specified.
Existing research: None identified.
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CROSS-FUNCTIONAL AREAS

DATA ACQUISITION, TRANSMITTAL, ANALYSIS &

MINING

Description of the Data Acquisition, Transmittal, Analysis, and
Mining Technology Area

As users demand more information, and communication networks
collect and transmit larger quantities of data, the challenge remains to
convert the data into useful information for utility decision makers.
This technology area involves primary collection points, data
consolidation, further transmittal to databases, and the analysis of
large quantities of data.

Section Summary

Just about every utility decision depends on data. Most of the topics in
this Technology Area relate to data, whether they generate data, use
data, or can be improved by data.z There are two general classes of data
that apply to all of other Technology Areas—Real-time and Non Real-
time. Even within these two classes there is a core set of basic
processes that applies to both. These are:

1) Define and Prioritize;

2) Generate;

2

3) Transport;

4) Validate/Verify;
5) Store;

6) Analyze; and

7) Present.

There is also a core sub-set of processes that applies within the above:
a) Accumulate/Aggregate;
b) Modify;
c¢) Improve;
d) Secure; and
e) Ensure Quality.
To manage this complex set of processes there must also be clear data
governance policies and methods. In general, data users provide the
what,” “where,

need to deliver the “how.” Solutions developed to fulfill the “how” come
in the form of tools that help businesses make informed decisions.

» o« » o« » o«

“who, when,” and “why” criteria that data scientists

Collaborative Transmission Technology Roadmap

165



Professionals in the electric utility industry have long seen their work
as being centered on electricity flows through wires, substations, and
other critical infrastructure and systems. Data scientists understand
that while data does flow through these hardware systems, businesses
can only be optimized when industry professionals understand that
data flows through people as well. Just as equipment, staff, and money
are rightly viewed as assets, the industry needs also to internalize the
fact that data, too, is a critical asset. Professionals in the information
technology, finance, pharmaceutical, and other industries have long
valued data itself as a critical business asset, and the utility industry
will not be operating at optimal levels of reliability, safety, and
productivity until it values data as a critical asset as well.

Data are assets because data are central to operations that can help
make money or help save money. In important ways data are money by
generating revenues or reducing costs through improved efficiency.

Data are assets that can be expressed in direct monetary equivalents,
but realizing this valuation requires investments. Such investments
include innovations in technologies that help deliver the processes
outlined above in a consistent, secure, and high-quality manner. They
also require investments in data scientist teams to provide the
organization with a dedicated and expert staff.

The “Data Acquisition, Transmittal, Analysis, and Mining” roadmaps
convey what is likely the most complex of all the technologies in this
document. This is because the elements in these roadmaps relate
directly to one or more roadmaps in the other Technology Areas, as
well as to areas outside of electrical transmission, including enterprise
data management, communications, cyber security, and others.
Fortunately, resources to address these complexities in ways that are
tailored to the needs of individual organizations do exist in the form of
dedicated data scientist teams. Such specialists can develop tailored
technical solutions to fill the Capability Gaps identified in the other

roadmaps, thereby addressing the needs of information consumers and
decision makers.

The following capability gap was identified at the workshop but the
participants decided not to include it in the roadmaps:

=  Energy Imbalance Market (EIM) - support emerging markets

The following technology characteristics were identified at the
workshop but the participants decided not to include them in the
roadmaps:

= Models for new network devices beyond FACTs.

= Tool to better manage business processes (Visio is currently
used)

= Would like to have a real-time update of data repositories
when a new piece of equipment is energized. For example, the
electrical system detects a newly energized breaker and
automatically sends the signal to update single-line diagrams,
asset management data.

=  Non-GPS time base for PMU and field data IEDs.

= Support 15 minute markets (necessary for integrating
renewables). Also, support demand-side management.

= Adaptive Remedial Action Scheme (RAS)

= Define critical by defining uses of data and sensitivity of
decision-making to each.

= Technology to help identify critical data
= State estimator techniques for data validation (e.g. linear state
estimation with PMU data).
The following R&D program was identified at the workshop but the
participants decided not to include it in the roadmaps:

=  Address roadblocks related to firewalls, utility private data
network versus public data networks, etc.
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A conceptual diagram of how data analysis could be done is shown in
Figure 4.

Sync. all this:
Real-Time - [EDs
- PMUs
Raw Data - Financial
- Weather
- Consumption
- Etc.
Data Analysis
Scope Space Data Validation
- False positives and negatives
- Data drop-out Technologies:
- Bad data detection - Statistical Methods
- Fake data detection - Spatial/temporal data
- Confidence Determination correlation
- State-estimator techniques
- Data entropy
Data Adequacy Data Characteristics Data Tagging
- Quantity S| T
- Timeliness Technologies: Technologies:
- Event types - Data confidence
Technologies: Data compression - Envelop-rates, data type - aMm Archive
- Post events
Co-processing of Real- N Model data
time and Archived Data T
technologies Technologies
- Stream classification -
Higher-level Applications
Visualization
Alarms
Etc.

Figure 4 - Data analysis conceptual diagram.
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The insights and observations above were distilled from the input of all
the subject matter experts who participated in Workshop 2. Of
particular note is the team presentation delivered by Tiffany Gibby of
the Tennessee Valley Authority on behalf of the entire Workshop 2
team that developed content for this roadmap, the foundation of which
the above synopsis is based. Workshop 2 participants:

= Robert Bass, Portland State University

* Anjan Bose, Washington State University

= Richard Bravo, Southern California Edison Company
= Eduardo Cotilla-Sanchez, Oregon State University

= Jeff Dagle, Pacific Northwest National Laboratory

Tony Faris, Bonneville Power Administration

Tiffany Gibby, Tennessee Valley Authority

Jay Giri, ALSTOM Grid

John Grosh, Lawrence Livermore National Laboratory
Walt Johnson, Electric Power Research Institute

Yilu Liu, University of Tennessee

Michelle Odajima, Xcel Energy Services, Inc.

Subhash Paluru, Western Area Power Administration

Brad Wagner, Xcel Energy Services, Inc.
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Transmission Services

Product/Service Area : V. Data Acquisition, Transmittal, Analysis and Mining Roadmap Portfolio
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R&D Program Summaries

Data Mining to Characterize Signatures of Impending System

Events or Performance from PMU Measurements (S-44). This
project applies data mining techniques to characterize signatures of impending system
events or performance from PMU measurements. The project will evaluate available data
mining tools and analyze the ability of these tools to characterize signatures of impending
systems events or detrimental system behavior. The use of PMU measurements from
multiple locations will also be considered. The performance of the data mining tools will
be verified by comparing the results obtained for measurements corresponding to known
events on the system.

Suggest adding evaluation and comparison of SCADA data as well. This will provide more
understanding to PMU data.

Existing research: University of Wisconsin - PSERC.

Key research questions:

1. How can data mining techniques be used to characterize signatures of
impending system events or performance from PMU measurements?

2. What s the performance of the data mining tools for measurements
corresponding to known events on the system?

3. Where are the data proposed to be shared for data mining?

Is the project proposing a solution that is continuously treated (automatically)
to enhance accuracy?

5.  Is the project proposing to distinguish between real time and non-real time
data?

6. Ifthe project proposes to discover impending events, shouldn’t it be moved to
real time?

Data Infrastructure for Model Validation and Analysis. Develop an
infrastructure that would enable storage/archiving and access to data to simulate specific
moments in time (cascading, tailor, peak load systems and operations assessments,
outages, etc.) relevant to utility planning. Involves both data and compute infrastructure
for contingency analysis.

Existing research: None identified.

Key research questions:

5. How to handle focus on dynamic models? (commercial tools exist for steady
state)?

Automated Event Analysis. Automated tools will be available to replicate a
system event using power flow and system dynamics simulation programs. The tools will
include interfaces for the simulation programs to read real-time data across wide areas.
This will facilitate a timely investigation of the event, in terms of root causes, solutions,
and what-if scenarios.

Existing research: None identified.

Key research questions:

1. Develop automated tools replicating a system event using power flow and
system dynamics simulation programs.

2. The SCADA vendors have post-event replay function in their systems. What is
the purpose of the project? Value added?

3. Please refer to the suggested research project “Infrastructure for Model
Validation and Analysis.”
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Substation IED Data Utilities. Data from protection and control (P&C) IEDs at
substations will be transformed automatically into information by specialized
techniques/utilities developed for this purpose. The information will include fault
recording, sequence-of-event recording, fault location identification, relay and circuit
breaker performance (e.g., misoperation), and so on. The information will be used to
create an automated event analysis. The information and event analysis will be
transmitted to the users, including P&C engineering and maintenance staff, relay and
circuit breaker experts, and grid operators, on an as-needed basis.

Existing research: None identified.

Key research questions:

1. How to automatically transform data from protection and control IEDs at
substations into information to be used to create an automated event analysis?

2. Don’tvendors like Subnet Solutions, Inc. provide a solution today? If so, what is
the value added?

3. Most utilities dump SCADA data and substation data into PI Historian. For event
analysis, what is the value added?

4.  Please refer to the suggested research project “Infrastructure for Model
Validation and Analysis.”

PMU Data trending over Weeks, Months, and Years across

Interconnections (Big Data Mining). Base-lining angle distribution (as one
example).

Existing research: None identified.

Key research questions:
1. Develop tools that will help with TB-scale data mining

2. Develop key information extraction strategies, what trend(s) to go after, which
angle pair(s) to compare

3. Mine specific type of events, look for explanations
Try to connect the observation to causes
5. Make recommendation and predictions.
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R&D Program Summaries

Data Integration Based on a Common Semantic Model. we face a Key research questions:
problem integrating real-time siloed data. It must be siloed due to SCADA CIP regulations. 1. Whatis the bottom-line, added business value add to getting to a common
When you try to take real-time data from SCADA and operational data from substations, semantic model?

the data do not line up. We need a dollar amount to prove this business need.

Existing research: See the following: How do you integrate real-time SCADA data w/real-time operations data?

= Possibly WECC is determining a common semantic model. Need to predict the next 4hrs-8hrs and make the system more reliable

oo W N

= Mazzucco, et al., “Merging Multiple Data Streams on Common Keys over High- Need analysis.
Performance Networks,” Proceedings of the 2002 ACM/IEEE Conference on
Supercomputing, Pages 1-12.

= Das, Hazra, et al., “Real-time Hybrid State Estimation Incorporating SCADA and PMU
Measurements,” IEEE Innovative Smart Grid Technologies, 2012.
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R&D Program Summaries

Systematic Integration of Large Data Sets for Improved Key research questions:

Decision-Making. The power industry is facing the challenge of how to manage and 1. How to manage and utilize large fiata sets (of.ten called “Big Data”) available
utilize large data sets (often called “Big Data”) available from the deployment of smart grid from the deployment of smart grid technologies?

technologies. The key issue not yet resolved is the systematic integration and pre- 2. How to integrate smart grid technologies through correlating the data in time
processing of these large datasets for the purpose of decision-making. This project offers a and space and assuring that the data syntax and semantic needed to deploy new
solution for data integration through correlating the data in time and space and assuring decision-making data analytics?

that the data syntax and semantics needed to deploy new decision-making data analytics 3. How do we incorporate CIM to facilitate integration of varying data sets with

are consistent and interoperable. This is achieved through referencing all big data to the

- ; different formats, semantics, security requirements, resolutions, etc.?
unified and generalized system model.

Existing research: PSERC 2013-2015 Project T-51, Project Leader: Mladen Kezunovic
(Texas A&M University).

Smart Grid Standards and Communications Technology Key research questions:

Tracking and Analysis. Smart grid interoperability standards and the 1.  What are the capabilities and risks of existing standards and technologies?
communications technologies that enable smart grid applications are evolving rapidly. 2.  How will the standards and technologies likely evolve in the future?

Utilities that are deploying smart grid applications such as wide-area monitoring and 3. How could government or regulatory actions impact smart grid deployment
control need to understand them. decisions?

Existing research: EPRI IntelliGrid Program 161. 4.  Ifthere are disruptive technologies on the horizon, how will they impact utility

deployment decisions?
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R&D Program Summaries

Dimensionality reduction and early oscillation detection using
online synchrophasor data. Split into two 1) Dimensionality reduction of PMU
data; 2) early oscillation detection using online synchrophasor data.
Existing research: BPA and EPRI are working on this project:

= BPA Technology Innovation Office Project (TIP) 303.

= EPRI: Early Warning of Potential Wide-Area Stability Problems Using Synchrophasors
(Program 39 Supplemental Project).

Key research questions:

1. Candimensionality reduction methods be developed that would facilitate the
use of PMU data for higher-level applications?

2. Would dimensionality reduction methods applied to PMU data improve early
oscillation detection?

3. What data reduction methods can be applied to PMU data to improve early
oscillation detection?

A Robust and Intelligent Bad-data Detection Technique for
PMU-based Oscillation Monitoring and Control. Summary not yet
provided.

Existing research: BPA Technology Innovation Office Project (TIP) 306 to commence
fiscal year 2014.

Key research questions:

4.  Questions not yet specified.

Data Integrity and Situational Awareness Tools (DISAT) and

Statistical Analysis for Data Anomaly Detection. Handling substantial
amounts of PMU data, cleaning that data, and building real-time situational awareness
tools to create insightful analysis and displays.

Existing research: BPA Technology Innovation Office Project (TIP) 305 to commence
fiscal year 2014.

Key research questions:

1. Designing the data infrastructure to maximize data availability, security, and
fidelity

2. Detecting bad data and validating data in real time before it is used by real-time
applications

3. Deploying data mining applications
Base lining power system dynamic performance and detecting deviations from
the baseline.

5. How do we detect bad data disguised as good data?

Synchrophasor linear state estimator and PMU data validation
and calibration. Summary not yet provided.

Existing research: BPA Technology Innovation Office Project (TIP) 299 to commence
fiscal year 2014.

= See also: Das, Hazra, et al,, “Real-time Hybrid State Estimation Incorporating SCADA
and PMU Measurements,” [EEE Innovative Smart Grid Technologies, 2012.

Key research questions:

6.  Questions not yet specified.
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PMU Data Validation and Characterization. Develop computationally
efficient algorithms for real-time validation and event classification of time-stamped
utility data.

Existing research: None identified. For additional information, see:

= Mazzucco, et al., “Merging Multiple Data Streams on Common Keys over High-
Performance Networks,” Proceedings of the 2002 ACM/IEEE Conference on
Supercomputing, Pages 1-12.

= Bifet, etal., Data Stream Mining: A Practical Approach, Centre for Open Software
Innovation, University of Waikato (NZ), May 2011.

Key research questions:

1.  Can we develop efficient and scalable algorithms for real-time validation of
time-stamped utility-relevant data?

2. Can we classify validated data into events types? (power system events, asset-
related events, security-related events, etc. )

3. Can we measure the computational efficiency and scalability of the algorithms
inl&2?

4. How do these algorithms compare computationally to existing metrics?

PMU Data Characterization. Not all data elements from the PMU are required
for real-time operations. Evaluate what data are needed in real-time and provide a
solution to automatically move data to relevant buckets (SCADA or PI historian).

Existing research: None identified.

Key research questions:

1.  Which are the data elements in PMU data that are useful for real-time
operations?

2.  How can we move non-real-time-related PMU data seamlessly to other
systems?

Data Validation - Uncertainty Quantification and Confidence

Intervals for Unpredictable Data Sets. Characterization of data error and
forecasting error and how these propagate through the decision-making process. This
applies to Load data/forecasts, Weather forecasts, Validate operation, and Other
unpredictable data sources.

Existing research: None identified.

Key research questions:
1. How do we assign error bounds validating the assumptions of the estimate?

2. How can error estimates be investigated during operation the data aggregation
process?

3. How do we present this information to the operations staff?

How is this used to minimize risk to system operations?

November

2013

180



O

Collaborative Transmission Technology Roadmap 181



Transmission Services

Product/Service Area : V. Data Acquisition, Transmittal, Analysis and Mining Roadmap Portfolio

1
1
1 | |
v | | 1 I
1 I L 1 N 1
| q D1 Reliability of the Power D2 Operating the system closerto |
. 1 | RS Data Quality Management : System : its limits (real time decision making) [ |
Drivers i : I 0 Vol
5 EEEmEmEmEm——— LSy
A D ! R R SR ]
L g S A g S
| i S ':
® : CG5 "High speed data 1
CG3 Enterprise semantic architecture. (Process !
oMg CG7 A/QC 1 ted dat ! ;
Capablllty meElEl (CIH, sierdE validatian il?regflntjir?'l?)a oc dea 1 | €62 Accessiodata datasets from multiple 0
tagging) H sources, data streams)" i
(CETS A A e S Y |
e e
: o . ! 4
| | CG1l Dataintegration CG4  Biusiness :
1| challenges (SCADA, PMU, Intelllg_ence (BI) and Data i
! | DFR, weather, etc.) Analytics H
Lo s !
ek e B e e S e .
1 ‘ 1
Techno |Ogy 1| TCs Arch’ecture TC3  Statistical ﬁethods for data Ten @t ,
. . 1 | models for Data correlation (such as spatial or Efficienc an’?ﬂ Scalabit TC6 Data Compression TC2 High-speed data I
Characteristics 1 | Acquisition, Analysis temporal). For example, comparing ency Y Technologies characterization 1
ertaining to PMU Data rate
: and Mining real-time telemetry w/archive data. P! 9 :
1 1
L o o o o o o o o e o o o o o e e o e e e e e e e e e e e e e e e o e e e e 1
R&D RD15 EPRI Program 39: Application of New
Prog rams Computing Technologies and Solution
Methodologies in Grid Operations
EPRI Program 161

- Driver - Commercially Available Technology - Existing R&D Program or Project

- Capability Gap - Commercially Unavailable Technology - R&D Program Requirement

November 2013 182



R&D Program Summaries

Methodologies in Grid Operations. As the power system becomes more
complex, so do the computational requirements for modeling and simulating its operation.
To manage the added complexity, the operator’s job can be facilitated by deploying
advanced computing technologies, which can include new simulation techniques,
software, and hardware that can potentially accelerate and improve data analysis and
computer simulation tasks.

Existing research: EPRI Grid Ops & Planning (Program 39).

Application of New Computing Technologies and Solution Key research questions:
1.

What advanced mathematical solvers can improve simulation robustness and
accuracy?

How can advanced software and hardware technologies such as graphic
processor units (GPUs), multi-core processors, distributed computing, and
virtualization be used to improve simulation speeds or investment costs and
utilization?

Which advanced data storage, compression, and processing techniques most
efficiently process enormous amounts of new types of data and models?

Collaborative Transmission Technology Roadmap

183



Transmission Services

Product/Service Area : V. Data Acquisition, Transmittal, Analysis and Mining Roadmap Portfolio

1
! ! D2 Operating the system . : !
| |D3  DataQuality Management |! |closer toits limits (real time D1 Reliability of the Power |
] 1 | decision making) System U
Drivers : ! i I
| Bl 1
0 1
| ) .
: CG3  Enterprise semantic 1
I CG6 Data Quality ]
1 model (CIM, meta-data
: Management System tagging) !
[ ‘ ________________________________ !
Capability
Gaps
e ——— R S ——— s |
| | CG5 "High speed data 1 0
I | architecture. (Process "1/cG4a Biusiness Intelligence CG1 Dataintegration challenges I
: datasets from multiple . CG2  Access to data : '1 (Bl) and Data Analytics (SCADA, PMU, DFR, weather, etc.) 1
| | sources, data streams) I : 1
I 1 !
L A 1 ompempee s enpaes gy mpanyp G ————|
e & — ———————————————  —— ———— :
Technology 0 i . i TCO  Naming _ I
. S H TC8 High-speed data TC6 Data Compression TC2 H!ghispeed data Conventions/International |
Characteristics || validation and data quality Technologies characterization Standards - Database |
I Conventions :
0 R P Y W :
RD4 Data Tagging
@
R&D RD7 A ¢ of dat RD10 Systematic Approaches for RD16 EPRI Program 161 : Smart Grid
Pro rams ssgssr;‘nen .["v a EI\ d Real-Time Stream Data Services Standards and Communications Technology
g gggpressmn or utility relate Tracking and Analysis

IBM Infosteams (IBM Labs & IBM India) EPRI Program 161

- Driver - Commercially Available Technology - Existing R&D Program or Project

- Capability Gap - Commercially Unavailable Technology - R&D Program Requirement

November 2013 184



R&D Program Summaries

Systematic Approaches for Real-Time Stream Data Services.:Itis
challenging to support real-time stream data services (RTSDS) due to stringent timing
constraints, potentially unbounded continuous stream data, bursty stream data arrivals,
and workload variations due to data value changes. This project will develop cost-effective
methods and a runtime system for RTSDS. The project will systematically investigate
methods and tools to support real-time continuous queries for RTSDS even in the
presence of dynamic workloads. Specifically, the project will study a) real-time continuous
query modeling, b) new performance metric design c) adaptive query scheduling design,
d) tardiness control and load shedding, for both single node and clustered RTSDS. The
project will also have prototype implementation and tested evaluations. The results and
findings of this project will advance and seamlessly integrate real-time computing and
stream data management.

Existing research: See:

= IBM InfoSphere Streams.

= Bifet, etal., Data Stream Mining: A Practical Approach, Centre for Open Software
Innovation, University of Waikato (NZ), May 2011.

Key research questions:
1. What methods and tools could be used for support real-time continuous queries
for RTSDS even in the presence of dynamic workloads?

2. What are evaluation methods and procedures to investigate real-time
continuous query modeling, new performance metric design, adaptive query
scheduling design, and tardiness control and load shedding?

Smart Grid Standards and Communications Technology

Tracking and Analysis. Smart grid interoperability standards and the
communications technologies that enable smart grid applications are evolving rapidly.
Utilities that are deploying smart grid applications such as wide-area monitoring and
control need to understand them.

Existing research: EPRI (Program 161).

Key research questions:
1. What are the capabilities and risks of existing standards and technologies?
2. How will the standards and technologies likely evolve in the future?

3. How could government or regulatory actions impact smart grid deployment
decisions?

4. Ifthere are disruptive technologies on the horizon, how will they impact utility
deployment decisions?

Assessment of Data Compression for Utility - Related Data.
Algorithms for data-appropriate and app-appropriate data compression.

Existing research: See V. Arya, ]. Hazra, et al., “CPS-Net: In-Network Aggregation for
Synchrophasor Applications,” Fifth Workshop on Intelligent Networks: Adaptation,
Communication & Reconfiguration, pp. 1-8, 2011.

Key research questions:

1. Can we systematically explore different power system applications and the
impact of compression algorithms for those applications? (e.g., exploit spatial
distribution of PMU’s for lossless compression)

2. Do compression ratios justify the overhead and investments?
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Data Tagging. A data tagging methodology for data coming from power systems. Key research questions:
1.  What are the right tags?

2. How will the tags be used?

3. What is the overall value of each tag? (i.e., do individual tags apply to more than
one element? How many? Is this of use?)

Existing research: None identified.

4.  Can the tags be applied in a timely fashion?
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R&D Program Summaries

High-Speed Distributed Data Storage. Develop a distributed architecture
for data storage.

Existing research: See V. Arya, ]. Hazra, et al., “CPS-Net: In-Network Aggregation for
Synchrophasor Applications,” Fifth Workshop on Intelligent Networks: Adaptation,
Communication & Reconfiguration, pp. 1-8, 2011.

Key research questions:

1. Can we minimize data bandwidth issues by applying a distributed data storage
strategy?

2. Are there other methods for reducing bandwidth requirements in a
synchrophasor network?

Co-Processing of Real-time and Archival Data. Some high-level apps
would benefit from, or not be possible without, the co-analysis of real-time and archival
data.

Existing research: None identified.

Key research questions:

1. How can archived data be pre-positioned (cached) to work in tandem w/real-
time data for down-steam real-time data analysis?

2. What are the computational capabilities/limits when dealing w/ PMU-size data
rates?

Common Data Elements in SCADA and PMU data - Identify

SCADA Data Latency. Find common data elements within SCADA data and PMU
data. This will be useful to identify the backup. Also, since PMU data is time stamped, it
will help evaluate the latency in SCADA data.

Existing research: See Mazzucco, et al., “Merging Multiple Data Streams on Common Keys
over High-Performance Networks,” Proceedings of the 2002 ACM/IEEE Conference on
Supercomputing, Pages 1-12.

Key research questions:
1. How to identify latency in SCADA data over time?

2. How can we identify similar data elements between SCADA and PMU data so
they can back each other up?

Architecture Modeling for D.A. Information, communications, processing
architectures used to describe and model D.A. solutions (either proposed or actual) will be
investigated. Architecture models are used to analyze performance and communicate
issues between stakeholders.

Existing research: None identified.

Key research questions:
1. Whatis the appropriate representation to describe D.A. systems?
2. Will existing modeling systems secure this purpose (e.g., UML, Simulink)?

3. How do we represent computer processing information artifacts and
information exchanges?

What level of detail?

5. How are the stakeholders defined?
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Sara Burlew, PJM Interconnection

Dave Cenedella, Xcel Energy Services, Inc.

Al Choi, Xcel Energy Services, Inc.

Greg Henrich, Tennessee Valley Authority

Hugh Grant, Consolidated Edison, Inc.

Mark McGranaghan, Electric Power Research Institute
DeJim Lowe, Tennessee Valley Authority

Sarada Madugula, Tennessee Valley Authority

Terry Oliver, Bonneville Power Administration

10. Mahendra Patel, PJM Interconnection
11. Mike Simione, Consolidated Edison, Inc.

12. Joe Waligorski, First Energy Corporation

Workshop 1, June 25-26,2013

Condition Monitoring, Inspection, Assessment and Maintenance
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Doug Hunter, Bonneville Power Administration
Ivo Hug, Electric Power Research Institute

Mike Miller, Bonneville Power Administration

Alaina Redenbo, Bonneville Power Administration

8. Katie Sheckells, Bonneville Power Administration

9. Mike Simione, Consolidated Edison Co. of New York, Inc.

Data Acquisition / Transmittal / Analysis / Mining
10. Joe Andres, Bonneville Power Administration
11. Joel Ankeny, Bonneville Power Administration
12. Pat Brown, Electric Power Research Institute
13. Al Choi, Xcel Energy Services, Inc.
14. Tony Faris, Bonneville Power Administration
15. Linda Kresl, Bonneville Power Administration
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17. Michelle Odajima, Xcel Energy Services, Inc.

Field Practices
18. James Anderson, Bonneville Power Administration
19. Sara Madugula, Tennessee Valley Authority
20. Subash Paluru, Western Area Power Administration
21. Chris Pardington, Xcel Energy Services, Inc.

22. Mike Staats, Bonneville Power Administration

Simulation Study Tools, Techniques and Models
23. Daniel Brooks, Electric Power Research Institute
24. Jason Espeseth, Xcel Energy Services, Inc.
25. Ian Grant, Tennessee Valley Authority
26. Jim Gronquist, Bonneville Power Administration
27. Hamody Hindi, Bonneville Power Administration
28. Anders Johnson, Bonneville Power Administration
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29. Dmitry Kosterev, Bonneville Power Administration

30. Ryan Quint, Bonneville Power Administration

Situation Awareness

31. Bob Austin, FirstEnergy Service Company

32. Sean Erickson, Western Area Power Administration
33. Nick Leitschuh, Bonneville Power Administration
34. Dejim Lowe, Tennessee Valley Authority

35. Bart McManus, Bonneville Power Administration
36. Mahendra Patel, PJM Interconnection

37. Mark Tiemeier, Xcel Energy Services, Inc.

38. Don Watkins, Bonneville Power Administration
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John Grosh, Lawrence Livermore National Laboratory
Walt Johnson, Electric Power Research Institute

Yilu Liu, University of Tennessee
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Kumar Venayagamoorthy, Clemson University
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Simulation Study Tools, Techniques and Models
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Philip Augustin, Portland General Electric Company
Gil Bindewald, U.S. Dept. of Energy

Daniel Brooks, Electric Power Research Institute
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Xiaodong Liang, Washington State University
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Jim McCalley, lowa State University
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Steve Yang, Bonneville Power Administration

Collaborative Transmission Technology Roadmap

195



