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can navigate this document using the Bookmark feature.

= Embedded Links: The Table of Contents has been linked to the
appropriate sections of the document.
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numbered page is an embedded hyperlink back to the Table of
Contents.
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SPECIAL NOTE

This current roadmap version incorporates findings and next-steps from a
completed Bonneville Power Administration Technology Innovation Project
(TIP) titled “TIP 50: Inter-area Oscillation Damping.” This project developed
a portfolio of solutions to detect, analyze, and control transmission grid
power oscillations. This new content is summarized in the introduction to
the “Planning and Operations” section (pp. 17-20) and in the following
specific roadmaps:

=  Power System Model Validation (pp. 26-31)

=  Generator Modeling (pp. 32-35)

= Real-Time Angular and Voltage Stability Assessment (pp. 76-81)
Initial roadmap development occurred in stages between May 2013 and
February 2014. Subject matter experts from throughout North America
developed the content during three hands-on workshops. A team from the

Portland State University Engineering and Technology Management
Department transcribed workshop content into electronic files that a team

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

from the Electric Power Research Institute then fact-checked and refined.
Project team members from the Bonneville Power Administration (BPA),
Portland State University, and the Electric Power Research Institute
composed the various sections of text and compiled the first complete draft
in November 2013. A revised version followed in January 2014.

In February 2014 the project team held a “Rollout Webinar” to bring
together the Principals of the collaborating organizations to assess this
document, evaluate project outcomes, and discuss potential next steps. The
current version is published to coincide with the BPA Technology Innovation
Offices’ Funding Opportunity Announcement.

This is always to be considered a live, working document. The project team
welcomes opportunities to strengthen the content of this roadmap and
invites all readers to provide critical comment. Input received will be
reviewed and considered for inclusion within the next revision.

James V. Hillegas-Elting

Technology Roadmapping Project Manager
Bonneville Power Administration
jvhillegas@bpa.gov, 503.230.5327
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DISCLAIMER

As described more fully in the pages that follow, the Bonneville Power
Administration (BPA) and Electric Power Research Institute (EPRI) co-led a
pilot project in 2013 to develop this document. A primary project goal was
to distill the knowledge and experience of subject matter experts to help
identify and address some important technology-based needs of
transmission owners and operators. In doing so, the document could then be
used to pinpoint opportunities for organizations to work together to help
deliver products and services into the marketplace more quickly and with
less overall cost and risk to individual organizations. The net result, then,
would be the continued delivery of safe, reliable, and cost-effective
electricity for diverse stakeholder communities throughout North America.

Six collaborating organizations joined BPA and EPRI in this project and
helped define its scope. These organizations were: Consolidated Edison Co.
of New York, FirstEnergy Corporation, PJM Interconnection, Tennessee
Valley Authority, Xcel Energy, and the Western Area Power Administration.
Though this input was essential in producing the Collaborative Transmission
Technology Roadmap, the contents do not necessarily reflect the opinions of
everyone who participated. Further, while BPA endorses this roadmap and
is using it to guide R&D investments, the other collaborating partners do not
necessarily endorse all of the content.

This document is intended to highlight potential opportunities for
collaboration and coordination among transmission owners and operators
and is properly considered a live, working document. It is not to be
interpreted as providing a prescriptive or deterministic technology
development path, nor to describe the only possible path forward in
addressing important opportunities and challenges. Given the dynamic and
complex nature of the utility industry and technological change, this
document also does not claim to capture the full universe of technology
requirements or research and development programs currently underway.
Finally, though the project team has worked diligently to ensure accuracy,
the roadmap does not claim to be free of unintended error or omission.

Some roadmaps, project summaries, and appendix pages identify specific
vendors, commercial products, or proprietary systems and technologies.
BPA, its partner institutions, and other collaborators and stakeholders make
these references solely for context; these references do not constitute
endorsement on the part of BPA, the Department of Energy, or anyone else
involved in the creation and refinement of this content.
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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 the Electric
Power Research Institute (EPRI) and our utility and Regional Transmission
Organization (RTO) partners in the development of the Collaborative
Transmission Technology Roadmap.

The Collaborative Transmission Technology Roadmap is the result of a pilot
project to demonstrate the technology road mapping process in five Technology
Areas: Simulation Study Tools; Situation Awareness; Condition Monitoring; Field
Practices; and Data Management. 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.
Consolidated Edison, FirstEnergy, PJM Interconnection, Tennessee Valley

Authority, Xcel Energy, and the Western Area Power Administration 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 workshop output. The
Portland State University Engineering and Technology Management 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
complex transmission Systems. 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 research and development (R&D)
solicitation. More recently, the roadmap has been used to inform
transmission asset strategies. The roadmap is revised and updated
periodically to reflect accurately the current state of technology.

The Collaborative Transmission Technology Roadmap pilot effort was
launched 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 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
roadmapping best practices and processed workshop output. EPRI managed
the collaboration with industry partners, provided subject matter expertise,
and fact-checked content. Collaborating industry partners Consolidated

Edison Company (ConEd), FirstEnergy (FE), PJM Interconnection, Tennessee
Valley authority (TVA), Western Area Power Administration (WAPA), and
Xcel Energy 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).

EBPA
ETVA
EPJM
EXcel
CONED
mEPRI
FE
EWAPA

Figure 1 - Affiliation of Workshop 1 participants.
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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).

m Utility
mUniversity
mGovt / Nat. Lab
Hindustry
m|SO/RTO

mEPRI

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 as decided at the May 2013 Principals’ Meeting:

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, and
advanced computing techniques.

2.Situation Awareness: Power system visualization and situational
awareness tools help transmission operators understand the present
conditions within and around the power system of interest and
anticipate 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, and real-time assessment of power system stability.

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.

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,
liveline maintenance practices, improved grounding procedures, and
vegetation management.

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

Development of the roadmap has demonstrated the value 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. Alignment of research effort results in
mutually-beneficial outcomes including sustaining system reliability and
security in cost-effective ways.

A technology roadmap must constantly evolve to reflect accurately the
changing technology landscapes and business environments. This document
synopsizes the current state of transmission research needs in the
Technology Areas. Continued work is required to maintain the relevance of
this information.
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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 and other
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 Chairperson of Motorola

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 for the utility industry. Roadmapping serves as the
basis for developing a research portfolio that aligns with strategic agency
needs. 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 results-oriented research portfolio to
demonstrate millions of dollars in savings to regional rate payers include
energy-efficient ductless heat pumps and helical shunts for transmission
conductors.

BPA developed its first Transmission Technology Roadmap in 2006 with the
help of Portland State University Engineering and Technology Management
Department. This initial resource 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 and reached out to electric utility
industry partners with the idea of developing a roadmap that would
represent the collective research needs of 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 research and development
(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, or
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, BPA asked the Electric Power Research
Institute (EPRI) to help manage the effort. 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 collaboration with its
member utilities and ISOs/RTOs. The perspectives and expertise at BPA and
EPRI complement one other, which made for a strong team to develop the
transmission technology roadmap.

Collaborating organizations confirmed their participation in early 2013. BPA
and EPRI were joined by Consolidated Edison Company, FirstEnergy, PJM
Interconnection, Tennessee Valley Authority, Western Area Power
Administration, and Xcel Energy. Key elements of the initial stages included
understanding and incorporating lessons learned from BPA and EPRI
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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, national
laboratories, universities, vendors, and other research 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.

The first draft of this document was published in November 2013. Revisions
to this draft were incorporated into a January 2014 version which served as
the reference document during the February 2014 “Rollout Webinar” BPA
and EPRI convened for the Principals of the collaborating organizations. The
document was further refined into a March 2014 version that the BPA
Technology Innovation Office included in its annual R&D solicitation.

Table 1 summarizes this schedule. See the appendix for supporting
documentation and minutes from the workshops and other key project
events.

Table 1: Pilot Project Implementation, 2013-2014

Event Date Summary
Principals’ Principals from collaborating organizations
Meetill: May 9, 2013 convened to establish pilot project parameters.
g Held in Charlotte, NC.
Strategic experts to articulate key technology
June 25-26, Drivers and the Capability Gaps: Executives, Senior
Workshop 1 2013 leadership, and Senior-level operational managers.
Held in Portland, OR.
Aug. 27,2013 Tactical subject matter experts to articulate
Technology characteristics required to bridge
Capability Gaps and R&D Program descriptions
Workshop 2 Sep. 18-19, needed to develop these characteristics: Engineers,
2013 Operators, Researchers, and Academics. August
mini-workshop held in Charlotte, NC; September
workshop held in Portland, OR.
Nov. 15, 2013 First complete draft sent to all collaborating
Publish Draft organizations and workshop participants in Nov.
Roadmaps Jan. 17, 2014 2013 to solicit critical comment. Document revised
Jan. 2014.
Project partners and collaborating organizations
Rollout . .
. Feb. 4,2014 convened to discuss project outcomes and next
Webinar
steps
BPA
Technollogy March 2014 Revised roadma}p publlshed as part of BPA’s
Innovation annual R&D solicitation
Solicitation
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-%Z20background%?20paper%20on%
20technology%20roadmaps.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. Since Motorola initiated the use of TRMs in
the 1970s, this planning tool has become standard 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 key business drivers and market trends. These
facilitate resource allocation decisions and help optimize R&D investments.
Roadmaps also assist in filtering alternate technological options and to help
decision makers focus on promising technologies. In today’s competitive
business environment it is crucial to make the right decisions at the
appropriate time.

A wide array of public and private organizations use various roadmapping
tools that are readily tailored and eminently scalable. These tools have been
used to develop roadmaps that apply to specific products, broader
technology areas, company-wide strategic plans, industry-wide alignment,
or articulating common national and international goals. Private firms, non-
governmental organizations, academic institutions, industry consortia,
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 confronting the organization;

2) Identify desired capabilities to help meet drivers;

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

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

The purpose and goals of the particular roadmapping project determine the
most suitable approach to take in developing the final deliverable:

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

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 structured along a
time scale not only to link R&D needs with important drivers (as an S-Plan
does) but also to begin to identify stages of technology development and the
necessary teams best equipped to lead particular work streams.

As with the National Energy Efficiency Technology Roadmap Portfolio, this
Collaborative Transmission Technology Roadmap has been developed using
the S-Plan framework to provide the data necessary for future refinement of
prioritized sections into T-Plans. Recognizing that both of these
roadmapping projects are highly collaborative and bring together
organizations with broadly-shared goals but potentially very different
corporate cultures, strategic plans, and legal mandates, neither document
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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
research community regarding logical time-sequencing of R&D activities.
Such future collaboration will benefit from the expertise consolidated within
the pages of the Collaborative Transmission Technology Roadmap.
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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 AMO'’s stages are represented in Table
2 (following page).

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 involved
but for other projects their TRL assessment would likely not be as
accurate. Therefore, rather than devote valuable workshop time to

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

gathering intrinsically questionable data that would require fact-
checking by the project team, assigning TRLs was not made a part of
the pilot project.

= Qutside of the scope of this pilot project effort. BPA and EPRI
defined the scope of the pilot project as specifically as possible, with
the objective of maximizing the 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. The
project team understands that TRLs can be highly useful metrics in
aroadmap because they provide insights into the dimension of time,
which can help frame technology development as a series of
interrelated steps toward a desired end state. 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 may be identified as part of the maturation of the
Collaborative Transmission Technology Roadmap.
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Table 2: Technology Readiness Levels (TRLs)

Phase TRL Definition

Basic Research

Innovation Applied Research

Critical Function or Proof of Concept Established

Laboratory Testing / Validation of Component(s) and
Process(es)

Emerging

i Laboratory Testing of Integrated/Semi-Integrated
Technologies

System

Prototype System Verified

Integrated Pilot System Demonstrated

Systems
Integration

System Incorporated in Commercial Design

Market
Penetration

System Proven and Ready for Full Commercial
Deployment
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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 needs within some important Technology
Areas.

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

Cross-functional Areas

5. Data Acquisition, Transmittal, Analysis and Mining

See the Appendix for process documents (including meeting minutes) for all
workshops held to develop this resource.

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 preferences;
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 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.

Collaborative Transmission Technology Roadmap
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What is the difference between a “Technology

| I
Characteristic” and a “Capability Gap?” | worte | | Sredeet |1 Drivers:

Lol efficiency unitcosts | | Whatare the reasons to
A food processing company finds that the machine it currently uses to peel | | costs ' Cchange?
potatoes removes a significant amount of the flesh of the potato. Removing b= - I
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.

A potato peeling machine
Faced with this situation, the company is facing three Drivers: 1) the desire that is more efficient than What are the barriers to
to increase processing efficiency; 2) the desire to reduce product unit costs; existing technologies change?
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
: A peeling machine that is more efficient than existing

technology. Technology Characteristics:
Company officials take their request to their engineering team and ask them Thinner peeler blades ;/Z{f;g;g S;:iiiih?ooi)(\)/ifil)me

to develop a solution that will overcome the 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
blade they would be able to meet the requirements and overcome the

Thus the engineers have established a Technology

barriers to change?

Characteristic: thinner cutting blades. R&D Programs:

Produce thinner peeler blades
The engineers’ next step is to commence an R&D Program in which they using the most appropriate What are the research
investigate the kinds of metal they could use to create thinner blades. type of metal programs and key research

questions to pursue to develop
technological solutions?

The diagram at right illustrates this example: L s,
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ROADMAP KEY

Collaborative Transmission

Product/Service Area: Product or SerV|Ce Area T|t|e Technology Roadmap

I i i R0 A0 T 20 T L e ——

DRIVER

Driver identified for the linked Capability Gap(s)

CAPABILITY GAP

Product or service performance gap needing to be
addressed; linked to Driver(s) above and
Technology Characteristic(s) below

Capability Ga

AVAILABLE TECHNOLOGY CHARACTERISTICS UNAVAILABLE TECHNOLOGY CHARACTERISTICS )
This symbol references

other roadmaps

Technology Characteristics available in the Technology Characteristics needed to address the providing insights into
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

Technology
Characteristics

R&D PROGRAM DESCRIPTION

R&D programs needed to develop the Unavailable Technology Characteristics linked above or
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

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

“Saue’] w!MS"

March 2016



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 the Bonneville Power Administration (BPA) and the
Electric Power Research Institute (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 result of this ongoing dialogue is to be found the pages that follow. The
project team understands that this organizational structure is a work-in-
progress that contributors will revise as necessary to ensure that roadmap
content this 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

c
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Collaborative Transmission Technology Roadmap
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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, and electromagnetic transients.
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.

Section Summary

One observation from Workshop 2 participants is that 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. The Electric Power
Research Institute (EPRI), Western Electricity Coordinating Council (WECC),
and Siemens are working on parts of this problem, and there is an
International Electrotechnical Commission (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:

e The wind predictor was not specifying the time frame.

e Enhancement of dynamic models.

Collaborative Transmission Technology Roadmap
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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) 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 necessary 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 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.

Workshop 2 participants identified the following items as being important
but included them in a “parking lot” rather than 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

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

Inter-area Oscillation Damping

Power oscillations are always present in electric power systems. Most of the
time, oscillations do not present reliability or safety risks. However, growing
or large magnitude oscillations can lead to large scale power outages,
catastrophic equipment damage, or power quality concerns.

Bonneville Power Administration (BPA) and the U.S. Department of Energy
collaboratively researched a wide range of analytical methods for oscillation
analysis, detection, prediction, and control. This work occurred between
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2008 and 2015 under the umbrella of a BPA Technology Innovation Project
(TIP) titled “TIP 50: Inter-area Oscillation Damping.” Work under this
project developed analytics and made available wide-area synchronized data
that has greatly advanced:

Understanding of power oscillations and associated risk factors.
Analysis of actual and simulated power system oscillations.

Operational tools to detect oscillations and low damping conditions,
operating procedures, and dispatcher training.

Understanding of control solutions to dampen power oscillations.

BPA researchers investigated, developed, and deployed a number of
applications to address the oscillation risks, such as:

Analyzing main modes of inter-area power oscillations in the West.

Deploying Oscillation Ringdown, Oscillation Detection, and Mode
Meter applications.

Working on application for detecting low-level forced power
oscillations that are often a precursor to equipment failures.

Evaluating generator controllers (excitation systems, power system
stabilizers, and governors) in relation to inter-area oscillation
damping.

Researching methods of active control of power oscillations.

For more details on the results of TIP 50 and future planned work, see

bpa.gov/ti.

Potential Solutions

Transmission Lines

Power Flow Controls
HVDC
WACS

Future Scenarios
Loads

Ger:]eraltion Non-wires
Te% r:p logy N Demand Response
olicy @ 2
N 7
o e Lo,
RS RVl
SV 00 Uy, Yy,
O (W (o)
QO a0 Ure On 4 O
W e See ez, 3
=) s, "Os:
e

High Volume Study
Environment

More Sophisticated
Planning Models

Data Sources
Historical Perf.
Econ. Forecasts
Demographics

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 based on
roadmap content.
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The insights and observations above were distilled from the input of the
following subject matter experts:

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

Dmitry Kosterev, Bonneville Power Administration
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Collaborative Transmission
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R&D Program Summaries

IEC 61968 Compliance. Database tools to comply with IEC 61968 (or future IEEE Key research questions:
version). 1. Database formatting?

2. Dat tibility?
Existing research: Alstom CIM-based standard. Siemens PSS ODMS IEC 61968 common ata source user compativiiity

information model.

Base Case Coordination System (BCCS) and WSM Reconciliation Key research questions:

Proiect. Reconciliation between planning and operation cases and the state estimator. 1. Base case must be compatible with all planning software.

2. Full topology representation.
Existing research: WECC Technical Studies Subcommittee.
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TC4 Unified Modeling Approach: A unified
modeling approach for both operations and
planning to enable convergence of planning
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RD3 Integrated Network Model Management

EPRI's IntelliGrid program

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

requirements and develop solution strategies for integrated transmission power system network
model management.

Existing research: EPRI’s IntelliGrid program produced a report on this topic in 2012 and will
be publishing another on in 2013. Additionally, EPRI is currently doing more in-depth work in
this area with two of its members to explore the listed research questions in detail.

Integrated Network Model Management. This project will analyze the Key research questions:
1.

What are the requirements of various transmission utility applications requiring the
network model as input?

What are key data exchange requirements between the utility and its regional
reliability entities?

What would a centralized approach to network model management look like? What
would its internal functionality be? What external interfaces would it support? What
would its impacts and benefits be?

What are the use cases that describe the implementation of a centralized model
maintenance approach at the utility?

What would next steps be for continuing down the path of actually implementing a
centralized model management approach?
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R&D Program Summaries

WECC Model Validation. validation base development, model validation / calibration. Key research questions:
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 FCRPS | Key research questions:

Compliance with Modeling Standards and Performance Monitoring. 1. Questions not yet specified.
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).
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R&D Program Summaries

Verification and Validation of Transient Stability Models and Results  Key research questions:

Systems. The first goal of this project is to develop an automated mechanism to verify 1. Develop algorithms to cross check generation information used in various programs.
transient stability simulation packages, used by BPA for their system analyses, against each 2. Develop models and model structures that would be robust to integration routines.
other. This will be done by simulating WECC power system models in different commercial 3. Ability to handle ill-emditrured [?] systems such as that deal with network metrics

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.

with small regular values.

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

BPA TIP299 Synchrophasor linear state estimator and PMU data

validation and calibration. This project explores development and implementation of data
mining and validation tools for incoming synchrophasor data. Two parallel research tracks: 1) a PMU-
based linear state estimator for data prediction, validation, calibration, and robust state estimate of the
500kV power system, and 2) data mining techniques and applications that will include baselining, event
detection, oscillation monitoring and detection, and bad data correction.

Existing research: BPA Technology Innovation Project (TIP) 299 commenced October 2013. Starting
TRL 2; Ending TRL 7. For more information, see BPA, “Technology Innovation Project Brief TIP 299:
Synchrophasor Linear State Estimator and PMU Data Validation & Calibration,” Sep. 2015,
http://www.bpa.gov/Doing%?20Business/Technologylnnovation/TIPProjectBriefs/2016-TIP-299.pdf.

Key research questions:

1.  Questions not yet specified.

Generic Dynamic models for HVDC and Facts. The dynamic models will include
different vendor/control modes by categorized them as templates and stored in a database.

Existing research: EPRI 2013/2014 Project P40.016 Model Development, Validation, and
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 PSSE®.

Key research questions:
1. Dynamic modeling of power electronics devices involved in HVDC and facts.
2.  Creating a template database for all types of vendor/control Modes.

3. The user specified information interface with the developed dynamic models.

Variable Projection (VARPRO) application. Measuring and analyzing oscillatory
responses caused by common power system disturbances by applying a nonlinear least-squares
optimization method to system models and data.

Existing research: Developed by Dr. Bernard Lesieutre, University of Wisconsin. Using the application,
BPA engineers regularly analyze oscillation ringdown following a system event or a system test (such
as analyses of Chief Joseph Dam brake tests) to determine oscillation modes and their frequencies,
damping, and shape. As of late 2015, VARPRO was at TRL 8. Dr. Lesieutre is also working on expanding
VARPRO technology to Mode Meter application. See also A.Borden, B.Lesieutre, “Variable Projection
Method for Power System Modal Identification,” IEEE Transactions on Power Systems (29:6), Nov. 2014,
(available at http://ieeexplore.ieee.org/stamp/stamp.jsp?arnumber=6776468).

Key research questions:
1.  Questions not yet specified.
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Prony Robot. One conventional approach for oscillation ringdown analysis that fits Key research questions:

observed data into a linear model and then calculates modes of oscillations from the linear 1. Questions not yet specified.
response model. Prony Robot is a MATLAB script that can process a very large number of
simulation runs and produces tables with oscillation frequencies, damping, and mode shapes. It
includes intelligence to classify modes of oscillations.

Existing research: Application developed by Dan Trudnowski of Montana Tech for automated
analysis and reporting on thousands of simulation runs providing batched analysis of simulated
oscillation ringdowns. Performs damping analysis of a large number of dynamic simulations such
as for compliance studies or for developing operating procedures. BPA engineers have used
Prony Robot applications in several large-scale planning studies, including Mode Meter studies,
2013 Network Open Season studies, and dual-expert studies. As of late 2015, the Prony Robot
application was at TRL 9.

Simultaneous dynamic data estimations of model validation. To Key research 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 and

Existing research: None identified. sampling rake.

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

March 20154 32

SIMULATION STUDY TOOLS, TECHNIQUES, & MODELS



Collaborative Transmission Technology Roadmap Back to Table of Contents 3 3
SIMULATION STUDY TOOLS, TECHNIQUES, & MODELS


JVH9275
Typewritten Text
Back to Table of Contents


Collaborative Transmission

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

n
5 i !
1 n r e
= . ] ) ) i D3 Increasing system variability
5 , |D1 Need to comply with D2 Requirement to build | ! from wind, PV, Demand Response,
! NERC and other regulatory and operate a reliable and . etc., that results in new operating
, | reliability standards economic power system : patterns for generators that are not
I 0 presently well modeled
________________________________________ 1
5]
(O |
\--- -~ -r-- - -====-_-_ - - - - - - - - - - - - - -y - - - - - - - - =-r |
= H i
= | i i I
1 e 1
'c% 1 CG9 Production cost 1 CG5 Improved thermal generator CG6 Improved output characteristics for i I
% | models' and dynamic , production cost models that represent fully wind and solar generation in production cost | |
O 1 models’ ability to perform 1 cycling and ramping costs (e.g. hot start, modeling, including finer granularity for within ! 1
. a wide range of : warm start, cold start) hour variability i I
I sensitivities i I :
| |
3
8%
9=
O D | S W
c 5 i H
S ® TC2 Better assumption used in , TC10 Flexible tools to study i ts of !
O = A h exible tools to study impacts o i
e = 'ect?nglmm dispatch mogellmg tools, ! | variable, renewable generation (wind, PV, TW?S , RL‘;?'S:S to Study |
S including emission models ramp 1 | off top PV, etc.) P l
1
1
1
____________________________________________ 1
Pooooooooooooooog ooooooooooooooos 1
1
: RD3 EPRI Project P40.019 (2014) - Strategic |
| and Flexible Planning PMU data validation and H
2] ! calibration. 1
s I I
3 RD2 EPRI Project P173-005 | EPRI i
> (2014) - Optimal Reserve 1 .
[©) ) Determination and Security i ) [
E RD1 Improved modeling of Constraint Optimum Power 0 RD4 EPRI Project P173.010 (2014) - PV and !
turbine generators for Flow 1 Wind Forecasting Integrated into Operations i
economic dispatch . 1
1
EPRI ! EPRI i

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

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

March 20164
SIMULATION STUDY TOOLS, TECHNIQUES, & MODELS



R&D Program Summaries

Improved modeling of turbine generators for economic dispatch. Develop Key research questions:
detailed characteristics of turbine-generator models such as emission models of fossil units during 1. Assessment and gathering of emission data of fossil units during ramping.
ramping and life-cycle costs of decreased power cycling. 2. 2.Assessment of additional costs of TG operation for faster response and more

Existing research: None identified. frequent response.

3. 3. Computer tools suitable for advanced generator control.

EPRI Project P40.019 (2014) - Strategic and Flexible Planning. Thelong- | Key research questions:

term objective of this project is to develop planning processes and tools to ensure that systems are 1.  Questions not yet specified.
designed to facilitate long-term strategic energy objectives in the most economical and reliable manner.
Prior research in this project developed a flexibility assessment framework, including proposed new
flexibility metrics, and quantified the level of flexibility to be expected from the traditional resource.

Existing research: 2014 EPRI Project P40.019. In 2014, EPRI will seek to develop pragmatic processes
to integrate resource and transmission evaluations in a long-term flexibility assessment tool that
considers flexible resources such as distributed generation, demand response, and energy storage in
future resource adequacy planning. Tools will be provided to allow system planners to define system
flexibility needs and verify how generation and transmission resource options can meet them. The
developed tools will be demonstrated and results will be documented in case studies. It is envisioned
that the tool will be able to screen for flexibility using detailed flexibility metrics for generation,
transmission, and demand-side resource, helping planners assess overall system flexibility.

EPRI Project P173.010 (2014) - PV and Wind Forecasting Integrated Key research questions:

into Operations. This project will perform research in areas related to variable generation L Questions notyet specified.

forecasting and its integration into system operations. It will also provide technology watch in this area,
which will be of increasing importance with high penetrations of VG. By identifying and focusing on key
areas that show the most promise for improving system operations, better usage of existing and new
forecasts can be obtained.

Existing research: 2014 EPRI Project P173.010.

EPRI Project P173.005 (2014) - Optimal Reserve Determination and Key research questions:

Security Constraint Optimum Power Flow. This project develops methods and tools L. Questions not yet specified.
that allow operators to more reliably and efficiently schedule resources to meet demand while
maintaining adequate reserves in the operational planning time frame, and to provide dispatch decision
support and methods for improved frequency control in real-time operations.

Existing research: 2014 EPRI Project P173.005.
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R&D Program Summaries

EPRI Power Plant Parameter Derivation (PPPD) Software Tool. Use Key research questions:

PMU and DFR data to derive synchronous generator parameter. Extend the algorithm and 1. Questions not yet specified.
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.

Variable Projection (VARPRO) application. Measuring and analyzing oscillatory | Key research questions:
responses caused by common power system disturbances by applying a nonlinear least-squares 2. Questions not yet specified.
optimization method to system models and data.

Existing research: Developed by Dr. Bernard Lesieutre, University of Wisconsin. Using the
application, BPA engineers regularly analyze oscillation ringdown following a system event or a
system test (such as analyses of Chief Joseph Dam brake tests) to determine oscillation modes
and their frequencies, damping, and shape. As of late 2015, VARPRO was at TRL 8. Dr. Lesieutre
is also working on expanding VARPRO technology to Mode Meter application. See also A.Borden,
B.Lesieutre, “Variable Projection Method for Power System Modal Identification,” IEEE
Transactions on Power Systems (29:6), Nov. 2014, (available at
http://ieeexplore.ieee.org/stamp/stamp.jsp?arnumber=6776468).
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Prony Robot. One conventional approach for oscillation ringdown analysis that fits Key research questions:

observed data into a linear model and then calculates modes of oscillations from the linear 2. Questions not yet specified.
response model. Prony Robot is a MATLAB script that can process a very large number of
simulation runs and produces tables with oscillation frequencies, damping, and mode shapes. It
includes intelligence to classify modes of oscillations.

Existing research: Application developed by Dan Trudnowski of Montana Tech for automated
analysis and reporting on thousands of simulation runs providing batched analysis of simulated
oscillation ringdowns. Performs damping analysis of a large number of dynamic simulations such
as for compliance studies or for developing operating procedures. BPA engineers have used
Prony Robot applications in several large-scale planning studies, including Mode Meter studies,
2013 Network Open Season studies, and dual-expert studies. As of late 2015, the Prony Robot
application was at TRL 9.

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

capabilities for baseline testing and model development. Establish capabilities for TP/TO, 1.  Questions not yet specified.
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.

Determining inter-area mode damping torque for individual Key research questions:

generators in real time. Use PMU data, computation (or measurement) of generator 1. Feasibility of this technology.
rotor angle. Amount of PMU data needed (sampling rate, etc.).

2.
3. Whatkind of PMU data?
4

What recording capabilities /requirements?

Existing research: None identified.
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R&D Program Summaries

Community Energy Storage. 25 kw/50kwh sodium nickel chloride + 4 homes (4kw Pv = Key research questions:
ea.) + real/real-time load. 1. Ramp rate limiting.

2. Smoothing.
3. Load Shifting.
4. What is the output share based on mode (charging/discharging)?

Existing research: The Electric Power Research Institute (EPRI) and Xcel Energy are jointly
researching this battery-based energy storage project at the Solar Technology Acceleration Center
(SolarTAC) in Aurora, Colorado. The Community Energy Storage (CES) project, is demonstrating a
25-kW/50-kWh sodium nickel chloride (NaNiCl2) system manufactured by FIAMM SoNick. Affixed
to a model solar neighborhood comprised of PV arrays, load banks, metering equipment, and other
components, the single-phase ac unit is being tested over a five-year period (2012-16) to help
manage grid peaks and integrate the variable output of residential-scale photovoltaic (PV)
systems. See
http://www.epri.com/abstracts/Pages/ProductAbstract.aspx?Productld=000000003002001251.

Solar-to-Battery. 1MW/1.5Mwh + 800 Kw PV at substation level. Key research questions:
1.  Ramp rate limiting.
2. Frequency regulation/smoothing.

Existing research: The Electric Power Research Institute (EPRI) and Xcel Energy are jointly
researching this battery-based energy storage project at the Solar Technology Acceleration Center
(SolarTAC) in Aurora, Colorado. The Solar-to-Battery (S2B) project is evaluating a 1.5-MW/1.0-
MWh advanced lead-acid system made by Xtreme Power. This Dynamic Power Resource (DPR)
unit is interconnected with concentrating PV arrays on the distribution network and is being

w

Load shifting.
What are the output shares, based on mode (charging/discharging)?

b

assessed from 2012-15 for its ability to perform multiple applications at a larger scale, including
time shifting/peak extension, solar power smoothing, solar ramp rate leveling, and scheduled
charge-discharge. See
http://www.epri.com/abstracts/Pages/ProductAbstract.aspx?Productld=000000003002001251.
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R&D Program Summaries

Exploiting emerging data for enhanced load modeling (S-49).july 2013: | Key research questions:

This project investigates mechanisms to exploit emerging PMU and smart meter datasets to 1.  Estimate load characteristics using PMUs.
enhance load and demand modeling. The new datasets contain a wealth of information yet 2.
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.

Develop suitable technique for getting data from PMU.

3. Find algorithms to identify signature from differing components.

Existing research: PSERC.

BPA TIP 283 impact of power electronic loads on grid stability. This Key research questions:

project is based on initial research done under TIP 50 and 51. The fraction of power electronic 1. Questions not yet specified.
loads is expected to increase over the next decade. The project will evaluate the impact of power
electronic loads on power system stability, including dynamic voltage stability, damping of power
oscillations, and frequency response. The project will look at a wide number of power electronic
loads, such as VFDs, consumer electronics, and Electric Vehicle Charges. The project will simulate,
test and evaluate various designs that make electronic loads friendly to the power grid. This
project is coordinated with a larger nation-wide DOE CERTS project. Starting TRL 5; Ending TRL
6.

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 systems Key research questions:

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

L 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 load

model.

Existing research: Phase 1 is implemented in WECC; key research questions pertain to Phase 2.

Key research questions:

1.

2.
3.
4

Better understanding of AC stalling.

Validation of AC stalling.
Integration of DG in CMPLDW.

Tools for load data management.

Exploiting emerging data for enhanced load modeling. This project
investigates mechanisms to exploit emerging PMU and smart meter datasets to enhance load and
demand modeling. The new datasets contain a wealth of information yet unexplored, which can

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.

provide the means for powerful load analytics, and a platform for the development of novel power

Key research questions:

1.

Questions not yet specified.
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R&D Program Summaries

Load modeling parameter collection. Accessible tools for deriving data from
distribution systems.

Existing research: Composite load modeling WECC.

Key research questions:

1.

U W

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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R&D Program Summaries

Model development, validation and management. Evaluate the feasibility of Key research questions:

adding the air conditioning motor stalling features of the WECC complex load model (cmpldw) to 1.  Questions not yet specified.
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.
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R&D Program Summaries

Two-Stage transmission mixed integer LP under uncertainties. Key research questions:
Summary not yet provided. 1.  Questions not yet specified.

Existing research: Johns Hopkins University - JHU E2SHI.

Risk-based transmission planning. Develop method/tool to incorporate risk of Key research questions:
uncertainty into transmission planning (e.g. counting every analysis) to identify transmission 1. How to develop failure scenarios, assess likelihood, aggregate or bracket to cover
system reinforcement that are broadly applicable across wide range of failure. all possible failures?

Existing research: None identified. 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 | Key research questions:

GIC calculation, associated DC flows in power system, and resulting impacts on system 1. How do you calculate GIC flows for a given magnitude GMD storm?
components (e.g. harmonic injections cap bank fuses, generators/heating, etc.). 2. Given GIC flows, what is behavior of transformers (harmonics, VAR, consumption,
etc.)?

Existing research: None identified.
3.  How do you simulate system impacts of the GIC flows and resulting issues?
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R&D Program Summaries

Gridspice - A virtual platform for modeling, analysis and Key research questions:

optimization of the smart grid. The project aims to research and begin prototype 1. Questions not yet specified.
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.

BPA TIP 281: Impacts Due to Dynamic Transfers. BPA's plays a vital role in Key research questions:

wind power development in the Pacific Northwest. Dynamic Transfer is essential to reliably 1.  Should the gen/tie redispatch more frequently? If yes, how frequently should be?
integrate wind, smart grid and other devices that increase variability. RD 237 developed Dynamic
Transfer algorithm. This research will identify 1. The factors that influence the Dynamic Transfers,
2. Identify allowable voltage variation in the transmission system, 3. Approach to minimize labor
intensive Dynamic Transfer studies and, 4. Understand Dynamic Transfer limits change with
respect to system operating conditions. Starting TRL 4; Ending TRL 7.

2. How accurate can a wind farm estimate /follow the dispatch order?
3. Coordinate outages or topology re-configuration that can affect transfer capability.
4

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

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

Planning with reconfigurability. Resource locations are rapidly changing in many
parts of the nation, as renewable and gas fired generation is built and coal or older gas plants are
retired. Correspondingly, the existing transmission topologies need to change.

Existing research: ISU Research.

Key research questions:

1.

What are their transmission solutions, besides building complete and new circuit?
(E.g. switch a line, split a bus, split a line.

Develop transmission optimization to eliminate reliability violations with minimum
cost and minimum line-build “distance.”

Demonstrate software on industry planning problems.

Develop performance data, tools and templates to capture benefits

and risks associated with power flow control options. Optimizing the
performance of the existing and future grid will require an 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.

Existing research: Bonneville Power Administration (BPA) Technology Innovation Project (TIP)
274 to commence during fiscal year 2014. This project will develop and integrate a
comprehensive set of model validation and performance monitoring applications for BPA and
FCRPS participants. Project approach includes (a) developing a consistent set of dynamic
performance requirements, (b) establishing a good baseline for power plant model / performance,
(c) continual monitoring of power plant dynamic performance using synchronized wide-area
measurements. The project is expected to reduce the compliance costs with the NERC MOD-06
and -027 Standards and WECC business practices. Starting TRL 4; ending TRL 8.

Key research questions:

1.

Catalog the costs, performances attributes + failure rates of power flow control
devices for assessment in future planning studies?

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

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.

Operational Risk and decision using risk-based SCED. Operators and
operational engineers are constantly making decisions to balance risk and economics, yet they do
so with few tools to help address uncertainties. This work would address this while considering
the need for providing information in a simple way.

Existing research: ISU Research.

Key research questions:

1.

What are the major operational uncertainties (e.g., what are operating limits and
how “hard” or “soft” are those operating limits)?

How fast can the system change and how much uncertainty is there in forecasting
that changes. Incorporate forecast uncertainty.

Provide /develop simple controls within SCED software to allow setting of risk of
flows on restricted corridors and of “system” risks.

Demonstrate effectiveness of new SCED software in operations and in planning.
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R&D Program Summaries

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

2

storage) that most effectively adapt to the various futures considered. . ] o . o .
3. Design computational procedure to find investment plans which optimize metrics.
4

Existing research: James D. McCalley Harpole - lowa State University. Apply to industry planning problems.

A framework for transmission planning under uncertainty. Currently Key research questions:
transmission planning, as widely practiced in the electricity power industry, is primarily based on 1. Questions not yet specified.
the deployment of 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 (lowa State

University).
Incorporation of risk analysis into planning processes. The long-term Key research questions:
objectives of this new multi-year project are: 1) Understand the role of “risk” in transmission 1.  Questions not yet specified.

planning, load growth 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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R&D Program Summaries

Operational reliability assessment tool. This tool will provide near real-time Key research questions:
(hr/day ahead) reliability assessment, provide the risk and associated confidence level. The goal 1.  Outage rate for operational horizon for gen/transmission.
of this tool will provide an index of system condition for system operator to take actions,

. o : Modeling and forecast accuracy on the assessment result.
especially for significant renewable penetrations.

2
3. Criteria? Per 10 years?
4

Existing research: ERCOT. Algorithm for the tool? Monte Carlo or others?

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

models. Risk models over-optimize dispatch. Incorporate a realistic operation based on the 1. Can the information available to operators be simulated, e.g. dispatch a model

information anticipated to be available to system operators. based on a forecast shape and update dispatch as time is simulated to more
forward?

Existing research: Prosym. 2. Can we estimate the impact of improving situational awareness to power system
risk?

Wind/PV/load probabilistic representation. Method/Tool that provides a Key research questions:

probabilistic representation of the synchronized output of many different wind and PV plant 1. What generation dispatch scenarios should be studied for system with high levels of

outputs and load bus demand valves, must maintain inherent correlations in variation of all plants VE and/or DR?

and load busses. How much historical, synchronized data is needed to characterize solution space?

Existing research: EPRI P173.006. 3.  How many discrete wind/PV/load value data sets are required to characterize
solution space?
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R&D Program Summaries

Demand-side management for transmission in risk models. Define the Key research questions:
ability of AMI infrastructure to strategically shed load and estimate a supply curve for the cost of 1. Can AMI be leveraged for strategic load shedding?
shedding load. Expand to a bus-level power flow model. What is the potential of DSM for deferring T and D expansion?

2
Existing research: EPRI EE/DR for Trans/Dist, EPRI, DR for Flexibility. 3. How can load shedding be used in RAS or for reliability?
4. What is the risk of non-response?
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R&D Program Summaries

Sequential power flow simulator for deep contingencies. This tool would Key research questions:

allow simulation of evolving or deep contingencies. It would build on time sequence power flow to 1.  Questions not yet specified.
incorporate uncertainty in equipment performance and control action (MVA limits, reactive
switching, RAS operation, protection, operation, etc.).

Existing research: None identified.
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R&D Program Summaries

High performance computing. Summary not yet provided. Key research questions:
1.  Questions not yet specified.

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

Application of new computing technologies and solution Key research questions:

methodologies in grid operations. This project is expected to investigate, identify, 1. This technical update will detail the development of techniques for faster dynamic

and develop advanced data processing and computing technologies for control centers to improve Stablht.y analysis using existing comrr}odlty processors a!nd robust techn}ques for

online simulation performance with respect to the speed, accuracy, robustness, and depth of AC optimal power flow. We also detail hov'v'to apply available technologles. for.

information presented. model processing and storage to better utilize sharing models across applications
and systems. In particular we will look at: robust computational techniques to

Existing research: 2013/2014/2015 EPRI Project P39.014. 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 Key research questions:
simulation capabilities enable exploration of a vast number of scenarios. However, how can we 1. What are appropriate scenario reduction technologies?
help operators and planners know what scenarios to ultimately take action around? 2. What are latest advancements in decision science?
Existing research: None identified. 3. Howdo you factor in risk in a risk adverse industry?
4. What methodologies in uncertainty quantification of risk-based analysis could

support this effort?
5. Does risk-based DM jeopardize reliability?
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R&D Program Summaries

Monte Carlo alternative assessment. Has statistical science come up with more Key research questions:

effective methods than Monte Carlo and if so, how can they be incorporated into power system 1. What are the alternatives to Monte Carlo?

risk models. 2. What s the order of efficiency gain to using these methods?

Existing research: None identified. 3. Whatare the barriers to using these methods in power system risk models?
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R&D Program Summaries

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

cost modeling for economic assessment (8760 hours) How to incorporate time sequence power 1.  Questions not yet specified.
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.
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R&D Program Summaries

Resiliency support tools. After major disruptions (esp. from low probability events), the Key research questions:

system operators may require additional information to assess system state of ascertain a path to 1. How do yourespond, when risks became real?

recovery. 2. 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?

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

4. How much flexibility in assets is there when you really need it?

Existing research: None identified.
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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 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, and real-time assessment of power system
stability.

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 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 /
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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 key 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 should be enhanced include neighboring
systems. Could they be expanded further to include lines with ratings below
100 kV?

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 network and
equipment; forecasting to help identify areas of potential stress in the
system; and then developing mitigation approaches that take into
consideration all of this information.

March 2016
SITUATION AWARENESS

74



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

James Anderson, Bonneville Power Administration
Robert Austin, FirstEnergy Corporation

Aranya Chakrabortty, North Carolina State University
Albert Choi, Xcel Energy Services, Inc.

Erik Connors, SA Technologies

DeJim Lowe, Tennessee Valley Authority

Jodi Obradovich, Battelle Pacific Northwest Laboratories
Ryan Quint, Bonneville Power Administration

Kai Sun, University of Tennessee

Mark Tiemeier, Xcel Energy Services, Inc.

Marianna Vaiman, V&R Company, Energy System Research
Kumar Venayagamoorthy, Clemson University

Donald Watkins, Bonneville Power Administration
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R&D Program Summaries

Key research questions:

Intelligent prioritization of alarms on situational intelligence. Project
Is it possible to prioritize alarms based on same metrics / study intelligence?

should provide the means to system operators to quickly identify the highest priority 1.
information.

Existing research: None identified.
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