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Prologue

Dear Colleague:

On behalf of the U.S. Department of Energy (DOE), Office of Energy Efficiency and Renewable Energy, Wind
and Water Power Technologies Office, | am pleased to announce the release of the 2014 Water Power Peer
Review Report. The Water Power Peer Review Meeting was held February 24-28, 2014 in Arlington, VA.
Principle investigators from the national labs and academic and industry representatives presented the progress of
their DOE-funded research. This report documents the formal, rigorous evaluation process and findings of nine
distinguished, independent reviewers who examined the technical, scientific, and business results of 96 projects of
the Water Power Program, as well as the productivity and management effectiveness of the Water Power Program
itself.

The Program is extremely grateful to the reviewers for undertaking a thorough examination of the Program, and
their comments and recommendations were candid and constructive. Included in the report are Program responses
to the Reviewers’ comments that indicate our careful consideration of their input and that describes actions
already underway to address issues of concern.

The Water Power Program is committed to developing and deploying a portfolio of innovative technologies for
clean, domestic power generation from resources such as hydropower, waves, and tides. The Water Power
Program's vision is to support 15% of our nation's electricity needs from water power by 2030.Consistent with the
Under Secretary of Energy’s direction, regular peer reviews are held to ensure the program is investing taxpayer
dollars in the most effective and efficient manner in order to realize the primary mission of the Program.

Sincerely,

Jose Zayas

Program Director

Wind and Water Power Technologies Office

Office of Energy Efficiency and Renewable Energy
U.S. Department of Energy
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Executive Summary

Meeting Logistics

On February 24 — 28, 2014, the U.S. Department of Energy (DOE), Office of Energy Efficiency and Renewable
Energy (EERE), Wind and Water Power Technologies Office (herein referred to as the “Water Power Program”
or the “program”) conducted its Water Power Peer Review at the DoubleTree Crystal City Hotel in Arlington,
VA. The purpose of the review was to evaluate DOE-funded projects for their contribution to the mission and
goals of the program, to assess progress made against stated objectives, and to assess the program’s overall
management and performance. Principal Investigators (Pls) working on existing and new Marine and
Hydrokinetic (MHK) and Hydropower projects came together to disseminate information, progress, and results to
panels of independent subject matter experts (also referred to as reviewers) as well as attendees. The Hydropower
Panel consisted of six subject matter experts and was chaired by Greg Lewis. The MHK Panel consisted of five
subject matter experts and was chaired by Cameron Fisher.

The Marine and Hydrokinetic program area included projects from the following research areas:
Computational Modeling and Analysis;

Technology Advancement;

Market Acceleration and Deployment;

National Marine Renewable Energy Centers;

Testing Infrastructure and Instrumentation; and

Resource Characterization.

The Hydropower program area included projects from the following research areas:
Existing Hydropower;

New Hydropower Development;

Pumped-Storage Hydropower and Integration; and

Market Acceleration and Deployment.

Evaluation Methodology

Program Evaluations
As part of the 2014 Water Power Peer Review process, reviewers were asked to perform a quantitative and
gualitative analysis of the MHK and Hydropower Programs based on the four aspects listed below:

1. Program Objectives;

2. Research and Development (R&D) Portfolio;

3. Management and Operations; and

4. Communications and Outreach.

Each criterion was scored as a stand-alone metric. Numerical scores were based on a five-point scale, with
qualitative descriptors given for the numerical scoring index (i.e., a score of 1 corresponds to a “Poor” rating, 2
corresponds to a “Fair” rating, 3 corresponds to an “Average” rating, 4 corresponds to a “Good” rating, and 5
corresponds to an “Outstanding” rating).

Existing Project Evaluations

Projects that were awarded or funded in FY2012 or earlier were referred to as “existing” for the purposes of the
2014 Water Power Peer Review. Each of the “existing” Hydropower and MHK projects received two cumulative
scores. The first score reflected the project’s relevance to industry needs and overall DOE objectives. The second
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score is comprised of the weighted average of the following metrics: 1) methods/approach, 2) technical
accomplishments and progress, 3) project management, 4) research integration, collaboration, and technology
transfer, and 5) proposed future research (if applicable).

For “existing” project evaluations, numerical scores were based on a five-point scale, with qualitative descriptors
given for the numerical scoring index (i.e., a score of 1 corresponds to a “Poor” rating, 2 corresponds to a “Fair”
rating, 3 corresponds to an “Average” rating, 4 corresponds to a “Good” rating, and 5 corresponds to an
“Outstanding” rating).

Refer to Section 1.4 Evaluation Criteria for additional details including a description of the previously mentioned
evaluation metrics and their weightings.

New Project Evaluations

Projects that were recently awarded or funded in FY 2013 were referred to as “new” for the purposes of the 2014
Water Power Peer Review. Each of the “new” Hydropower and MHK projects received two cumulative scores.
The first score reflected the project’s relevance to industry needs and overall DOE objectives and the second score
was based on the evaluation of the technical approach of the project.

For “new” project evaluations, numerical scores were based on a five-point scale, with qualitative descriptors
given for the numerical scoring index (i.e., a score of 1 corresponds to a “Poor” rating, 2 corresponds to a “Fair”
rating, 3 corresponds to an “Average” rating, 4 corresponds to a “Good” rating, and 5 corresponds to an
“Outstanding” rating).

Refer to Section 1.4 Evaluation Criteria for additional details.

Scoring Analysis Methodology
The formula listed below was used to calculate the overall weighted average scores of the existing projects for
Hydropower and MHK in order to provide a means for comparing a project’s final overall score equivalently to
other projects:

Weighted Average Overall Score

= [(2—?5‘:” 1) X (0.3)] + KM) X (0.3)] + [(M) X (O-Z)I
+ K—Z?S‘:re 4) x (o.1)l + K—m SC:TB 5) x (o.1)l

Equation 1: n equals the number of reviewers per scoring metric

New projects were evaluated on two stand-alone metrics: 1) Relevance to Industry Needs and overall DOE
Objectives and 2) Technical Approach. The weighted average overall score for new projects is the Technical
Approach score.
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Summary of Scoring Results for MHK

The figure below summarizes the MHK panelists’ quantitative evaluation of the performance of MHK program.
Detailed qualitative feedback on the MHK Program can be found in Section 8.0 of this report.

Marine and Hydrokinetic
ReviewerlD Program R&D Portfolio Management & | Communications
Objective Operations & Outreach

Reviewer07 4.5 4.5 5.0 4.6
Reviewer08 5.0 2.0 4.0 5.0
Reviewer09 4.0 4.0 5.0 5.0
Reviewer10 5.0 4.0 5.0 4.0
Reviewerll 4.3 4.5 5.0 4.2

avg 4.6 3.8 4.8 4.6

o ——

Average score
Showing 1st & 3rd Quartiles

4.6 3.8 4.8 4.6

Frequency
Diagram

1...2..3..4..5]1..2..3.4.5]1.2.3.4.5]1..2.3.4.5
MHK Program evaluation scoring results

The table below provides an overview of the reviewer scoring for all new and existing MHK projects that were
reviewed in 2014. Projects that were awarded or funded in FY2012 or earlier are referred to in the “Funding
Status” column as “Existing,” and projects that were recently awarded or funded in FY 2013 are referred to as
“New.” The first two rows show the results of all MHK projects broken out by “Funding Status” and the
subsequent rows of the table provide an overview of the technology area scores. The table includes the number of
projects, the average number of reviewers to evaluate those projects, the average relevance score, and the
weighted average scores of all of the projects combined (average, minimum, and maximum) per technology area.

Summary scoring of MHK technology areas

New 14 4.9 4.0 3.7 26 4.7
Existing 38 46 4.2 3.8 2.7 438
New 4 5.0 34 2.9 26 3.1
Existing 6 5.0 35 3.1 2.7 33
New 4 48 40 3.9 3.3 46
Existing 15 45 43 3.7 3.0 48
New 2 5.0 49 46 4.4 47
Existing 10 44 45 4.1 29 48
New - - - - - -
Existing 3 3.7 48 45 4.2 48
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Technology Area Funding | Number of Average Average Average Minimum Maximum

Status Projects Number of Relevance Weighted Weighted Weighted
Reviewed | Reviewers Per Score Average Average Average
Project Score Score Score

New 2 5.0 3.7 36 3.1 4.1
and Instrumentation Existing 3 4.7 3.6 3.7 3.0 44
New 2 5.0 44 4.2 4.1 4.2
Characterization Existing 1 5.0 319 3.8 3.8 3.8

A comprehensive list of reviewer comments and individual MHK project scoring evaluations can be found in
Section 6.0 of this report.

Summary of Scoring Results for Hydropower

The figure below summarizes the Hydropower panelists’ quantitative evaluation of the performance of
Hydropower program. Detailed qualitative feedback on the Hydropower Program can be found in Section 8.0 of

this report.
Hydropower
ReviewerlD Program R&D Portfolio Management & Communications
Objective Operations & Outreach

Reviewer01 4.5 4.0 5.0 4.5
Reviewer02 4.5 3.5 4.0 4.0
Reviewer03 4.7 4.4 4.8 4.7
Reviewer04 4.5 4.0 4.5 3.7
Reviewer05 5.0 4.0 4.0 4.0
Reviewer06 5.0 4.5 4.5 2.0

Average score
Showing 1st & 3rd Quartiles

4.7 41

0.0
100%

SN " ' M

1...2..3..4..5]11...2..3..4.5]1...2..3..4.5
Hydropower Program evaluation scoring results

Frequency
Diagram

The table below provides an overview of the reviewer scoring for all new and existing Hydropower projects that
were reviewed in 2014. Projects that were awarded or funded in FY2012 or earlier are referred to in the “Funding
Status” column as “Existing,” and projects that were recently awarded or funded in FY 2013 are referred to as
“New.” The first two rows show the results of all Hydropower projects broken out by “Funding Status” and the
subsequent rows of the table provide an overview of the technology area scores. The table includes the number of
projects, the average number of reviewers to evaluate those projects, the average relevance score, and the
weighted average scores of all of the projects combined (average, minimum, and maximum) per technology area.
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Summary scoring of Hydropower technology areas
Technology Area Funding Number of Average Average Average Minimum Maximum
Status Projects Number of Relevance Weighted Weighted Weighted

Reviewed Reviewers Score Average Average Average
Per Project Score Score Score

Hydropower New 11 5.5 4.3 3.9 34 4.4
Existing 33 5.5 4.0 3.6 21 4.5
Existing New 3 6.0 44 41 4.0 44
Hydropower Existing 13 5.8 41 3.8 3.0 4.2
New 2 G 4.0 35 34 3.6
Development Existing 11 5.2 3.6 3.1 2.1 3.9
Pumped-Storage New 2 5.0 4.4 3.9 3.9 4.0
Hydropower and Existing 3 5.0 45 3.8 34 4.0
Integration
Market New 4 55 4.3 4.0 3.8 4.2
Acceleration and Existing 6 5.7 42 4.0 3.6 45

Deployment

A comprehensive list of reviewer comments and individual Hydropower project scoring evaluations can be found
in Section 7.0 of this report.

Progress Noted by the Peer Review Panelists

The MHK and Hydropower Peer Review Panelists believe the Water Power Program has made notable progress
in the following areas:

o DOE’s Water Power Program leadership, personnel, and support team performance and achievements are
excellent. The approach, breadth, and growth of the program are fantastic. Leadership and staff are top
notch.

e DOE is helping developers continue to move forward in a very difficult U.S. market caused by the lack of
clear national energy policy, low energy costs due to natural gas pricing, and a very difficult regulatory
environment.

e Steps that are being undertaken to transition from project "grants™ to co-managed projects are excellent
strategic actions to better align the program’s funding activities in meeting set goals.

e The program is built on a solid foundation of cooperation between DOE, industrial partners, national
laboratories, and academia. While not perfect, this foundation provides the best path for the U.S. to
succeed in the international marketplace.

Potential Issues Identified by the Peer Review Panelists

The MHK and Hydropower Peer Review Panelists identified the following issues that they feel are worthy of
discussion or consideration by the Water Power Program:
o DOE's traditional focus on research may distract program efforts meant to inform and influence energy
policy.
e The overall program alignment is good but there are still some gaps, especially with regards to licensing
uncertainty and time required.
o Regulatory issues delayed many DOE co-funded projects causing cash-flow issues for the DOE program.
e The program needs to review Federal and State regulatory processes to identify research required to
streamline permitting processes.

Vi
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A trend toward heavy reliance on national labs to originate projects may lead to blind spots in the
practical hydropower industry and in applied research since it is atypical to see lab principal investigators
in the field.

Specific Recommendations of the Peer Review Panelists

The MHK Peer Review Panelists believe that addressing the comments and recommendations below could add
significant value and help the program achieve future successes:

Rebalance the portfolio to prioritize advancement of leading technology to the full commercialization
stage and addressing the barriers to full deployment. National Lab reference model, open-source software
development, and hydrographic research projects with little near-term value should be low priority.
Finish the mission on the nearest-to-market technology and secure successful deployment of that
technology within the U.S. and globally. This will generate valuable cost reduction lessons for wave
technologies on manufacturing, operations and maintenance, and supply chain development.

Reconsider funding emphasis for wave technology development and instead offer parity funding to tidal
and wave power technology.

Maintain an emphasis on in-water demonstrations by industrial partners (including small ones), i.e. "fund
industry, not technologies."

Opening test centers and getting first projects in the water are very important.

Utilize lab resources and contractors more effectively. Ensure lab projects consult with industry on study
protocols and integrate industry feedback on deliverables. Ensure more streamlined process for lab-
company intellectual property agreements.

Build off of existing or ongoing research done by the Oil and Gas Industry or the Navy and reach out to
the global communities and review what the Europeans have done.

Develop consistent funding lines to support commercialization of specific, promising technology by
developers, disbursed only upon achievement of performance metrics, and where feasible, matching
funds.

Carefully evaluate projects related solely to infrastructure development, particularly the fourth Test Site,
to assure that they do not take resources from in-water demonstrations (exceptions include those efforts
that are intended to enhance U.S. competitiveness in the global MHK community).

The Hydropower Peer Review Panelists believe that addressing the comments and recommendations below could
add significant value and help the program achieve future successes:

vii

Address the following issues that are holding Hydropower back:
o High cost, long duration, and a lack of schedule certainty in licensing and permitting processes;
o Deficient market design and inadequate market valuation of hydropower/pumped storage
attributes that are key to integrate variable renewables and provide grid reliability; and
o Failure to monetize the ancillary benefits of hydropower to the public when compared to other
competing technologies being built to integrate renewables.
Accelerate and improve schedule certainty of licensing process by informing policy makers with findings
and recommendations and by developing computerized processes that can improve the quality as well as
reduce the time for agency (e.g., EPA, States, F&WS) reviews and informing policy makers with findings
and recommendations.
Establish and own a robust and neutral Low Impact Hydro Certification Program.
Assess current methods and viability of getting fish upstream and downstream of physical barriers.
Establish an outreach and stakeholder involvement to environmental community on expansion
announcements to mitigate potential categorical future push back.
Provide guidance on removing market barriers and promoting efficient market design.
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e Consider arole for DOE as an arbitrator of environmental considerations and public good.
e Expand the ongoing climate change study to also address non-federal hydro.

Summary of Water Power Program Response to Reviewer Feedback

The Water Power Program Peer Review Panel feedback provides an excellent opportunity for the Water
Power Program to identify opportunities for improvement as well as areas of strength in its current
portfolio of water power projects.

In particular, certain key themes emerged from the reviewer feedback. Based on these themes, the
Water Power Program has identified the following areas for improvement that will help improve the
direction and impact of the Program into the future.

In the area of MHK technology, the Water Power Program intends to: increase the emphasis of
technology transfer; more clearly define the role for the national labs; and increase engagement with the
international community. In the area of MHK market acceleration, the Program intends to: increase
international engagement; expand the role for cross-agency work; and broaden the scope of market
acceleration projects.

In the area of Hydropower technology, the Program intends to: increase communication regarding
ancillary benefits and environmental impacts of hydropower; emphasize the importance of siting and
permitting of hydropower projects; conduct more proactive outreach to key hydropower stakeholders;
and increase the use of partnerships with industry. In the area of market acceleration, the Program will
emphasize increased communication and dissemination of R&D results as well as more clearly
communicate the impacts of hydropower on water quality.

Vil
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1.0 Introduction

Objective review and advice from peers—“peer review”—provides Department of Energy (DOE) managers, staff,
and researchers with a powerful and effective tool for enhancing the management, relevance, effectiveness, and
productivity of all Office of Energy Efficiency and Renewable Energy (EERE) research, development,
demonstration, deployment, and supporting business management programs. The 2004 EERE Peer Review
Guide' defines a peer review as:

A rigorous, formal, and documented evaluation process using objective criteria and qualified and
independent reviewers to make a judgment of the technical/scientific/business merit, the actual or
anticipated results, and the productivity and management effectiveness of programs and/or projects.

This definition is drawn from definitions used by the U. S. Department of Energy, National Academy of Sciences
(NAS), the White House Office of Management and Budget (OMB), the U.S. General Accounting Office (GAO),
and other federal agencies and institutions. It clearly distinguishes in-progress peer review from other types of
peer review, such as merit review to select winners of competitive solicitations or readiness (stage gate) reviews
to determine when a technology is ready to move to the next phase of development, as well as from other
management activities such as quarterly milestone reviews or budget reviews.

On February 24 — 28, 2014, the U.S. Department of Energy, Office of Energy Efficiency and Renewable Energy,
Wind and Water Power Technologies Office (herein referred to as the “Water Power Program” or the “program”)
conducted its Water Power Peer Review at the DoubleTree Crystal City Hotel in Arlington, VA. In accordance
with the EERE Peer Review Guide, the review provides an independent, expert evaluation of the strategic goals
and direction of the program and is a forum for feedback and recommendations on future program planning. The
purpose of the review was to evaluate DOE-funded projects for their contribution to the mission and goals of the
program, to assess progress made against stated objectives, and to assess the program’s overall management and
performance.

The following document represents the observations and findings of the Water Power Peer Review Panelists, the
response from the Water Power Program to these findings, and the supporting meeting materials, including an
agenda and list of participants. In accordance with the DOE Peer Review Guide Section 6.0, peer reviewers
provided both quantitative and narrative evaluations of the materials and projects presented at the Peer Review.
The comments herein are the most direct reflection of reviewers’ written evaluations, and where possible have
been included verbatim.

Ninety six (96) projects, representing a total DOE value of approximately $190 million were reviewed by 11
external expert reviewers from industry, academia, other government agencies, and the private sector. Each
project was reviewed by a minimum of three expert reviewers who provided both numeric evaluations and written
comments. As part of the 2014 U.S. DOE Water Power Peer Review, projects in two overall program areas,
Marine and Hydrokinetic (MHK) and Hydropower, were evaluated by the eleven expert reviewers.

! Peer Review Guide, Based on a Survey of Best Practices for In-Progress Peer Review, August 2004
2 Peer Review Guide, Based on a Survey of Best Practices for In-Progress Peer Review, August 2004

1
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The two overall program areas included projects from the following research areas:

Marine and Hydrokinetic Hydropower
Existing Hydropower

Computational Modeling and Analysis

Technology Advancement New Hydropower Development

Market Acceleration and Deployment Pumped-Storage Hydropower and Integration

. , Market Acceleration and Deployment
National Marine Renewable Energy Centers ploy

Testing Infrastructure and Instrumentation

Resource Characterization

Two chairpersons were selected to oversee the entire peer review process. Greg Lewis presided over the
Hydropower panel, and Cameron Fisher presided over the Marine and Hydrokinetic (MHK) Panel. They provided
oversight and guidance to ensure consistency, transparency, and independence throughout the review process.

Results of the 2014 Peer Review will be used to help inform programmatic decision making, modify or
discontinue existing projects, guide the future funding and direction of newly funded projects and future
opportunities, and support other budget and strategic planning objectives.

1.1 2014 Peer Review Objectives

The objectives of the 2014 Peer Review meeting were to:
¢ Review and evaluate the strategy and goals of the Wind and Water Power Technologies Office;
e Review and evaluate the progress and accomplishments of the Office's projects funded in FY2012 and
FY?2013; and
o Foster interactions among the national laboratories, industry, and academic institutions conducting
research and development on behalf of the program.

A rigorous peer review was conducted as a four-and-a-half-day event. The first three-and-a half days focused on
presentations given by Water Power Program staff and the principal investigators (Pls) of the 96 projects that
were evaluated. On the final day, reviewers convened in a separate location to provide an initial summary of their
findings to the Water Power Program staff, and to discuss their initial impressions of the reviewed projects as well
as the overall function and management of the Wind and Water Power Technologies Office Water Power
portfolio.

1.2 Peer Review Panelists

Peer review panels were commissioned to conduct the formal peer review aspect of the meeting. The peer review
panels (hereafter called reviewers or panelists) were comprised of experts from a variety of water power-related
backgrounds and organizations, including laboratories, industry, and academia. Reviewers evaluated the progress
and relevance of Water Power-funded projects, as presented by the principal investigators of those projects during
the meeting. The projects were evaluated according to a defined set of criteria in this document. Reviewers also
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provided a detailed quantitative and qualitative evaluation of the management of the Water Power Program
Portfolio.

Reviewers were screened to ensure no conflicts of interest existed with regard to the specific projects for which
they submitted reviews. Reviewers recused themselves if they worked on projects, had other relationships with
project team members, or if they had a financial interest in the subject matter. Tables 1.2.1 and 1.2.2 list the 2014
Water Power Peer Review Panelists.

Table 1.2.1 Hydropower panelists Table 1.2.2 Marine and Hydrokinetic panelists
2014 Hydropower Panel 2014 Marine and Hydrokinetic Panel
Greg Lewis* Duke Energy Corporation Cameron Fisher* 48 North Solutions
Ghassan AlQaser CA Department of Water Elizabeth Butler Butler Law Offices, LLC
Resources i James Downer Independent Contractor
Kerry McCalman Bureau of Reclamations . : .
- — i Tim Oakes Kleinschmidt
David Moller Pacific Gas and Electric Company R
Philip Vitale U.S. Navy
Jim Ruane Reservoir Environmental
Management, Inc. *Served as the panel chair
Edith Zagona University of Colorado

*Served as the panel chair

Reviewers received briefing materials via email and a Microsoft SharePoint site approximately four weeks prior
to attending the meeting. This information included a 2014 Water Power Peer Review Plan (reviewer
instructions), an agenda, the PowerPoint presentations submitted to the panel members by the principal
investigators, two-page project summary documents, a review of the overall goals of the program, conflict of
interest forms, honorarium and travel reimbursement forms, and the Microsoft Excel evaluation workbooks
(electronic format) for their assigned projects and an overall programmatic review.

1.3 Project Selection Process

Below is a description of the processes used by the Wind and Water Power Technologies Office for selecting the
Water Power projects that were reviewed as part of the 2014 Peer Review process:

1. The Office evaluated all projects funded in FY 2012 and FY 2013
e The Office used budget data, contracts with laboratories and industry recipients, and the program’s
project inventory database.

2. The Office Director provided high-level guidance from on time allocation for Projects versus Office

information, and priority projects to present

e Office Director gave high-level direction on the total number of hours to allocate for Project
presentations.

o Office Director also determined what subject areas were to be presented at a Program-level instead of as
individual projects (for example, the 20% by 2030 projects are presented at an overview Program-level).

o Office Director noted some priority projects (such as ARRA university consortia) as mandatory for
presentation.

3. Federal team leads/technology managers were provided with the project list and ranked those projects
that they wanted to be presented at the review (1 = present; 2=optional; 3=exclude)
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o Team leads selected projects based on following criteria — magnitude of funding, relevance/importance of
research, and desire for peer review feedback on project. They also factored in project stage and diversity
of the program portfolio in project selection.

4. Team leads’ rankings were synthesized

e All Priority 1 projects were added to the agenda. Priority 2 projects were added where/when possible

depending on other constraints.

5. Additional criteria further narrowed project selection
e 80% of the FY 2012-2013 budget needed to be presented to comply with EERE peer review guidelines.
Some funding was presented at a project-level and other areas were presented at a program-level.
e Every national lab funded in FY 2012-2013 presented at least one project at the review.
e The allocated projects and subject matter areas accommodated a two-track session agenda.

e The team strived for the event agenda to reflect overall Water Power Portfolio priorities and priority
funding areas.

6. Agenda details were negotiated with Principal Investigators
e The Office adjusted presenters and presentation time as needed for individual schedule availability.
e As appropriate, time allocations were adjusted to accommodate more complex versus simpler projects for
presenting.

1.4 Evaluation Criteria

In accordance with DOE EERE Peer Review Guide Section 6.0% the peer review panelists were asked to submit
both quantitative (i.e., numerical scores) and qualitative (i.e., narrative accounts) evaluations as part of their
review of the materials and projects presented, although not every reviewer provided narrative evaluations for
every project or review category. The evaluation workbooks were distributed to the peer review panel members
prior to the meeting, along with detailed guidance on how to complete the forms.

Existing Project Evaluations

Projects that were awarded or funded in FY2012 or earlier were referred to as “existing” for the purposes of the
2014 Water Power Peer Review. Each of the “existing” Hydropower and MHK projects received two cumulative
scores. The first score reflected the project’s relevance to industry needs and overall DOE objectives. The second
score is comprised of the weighted average of the following metrics: 1) methods/approach, 2) technical
accomplishments and progress, 3) project management, 4) research integration, collaboration, and technology
transfer, and 5) proposed future research (if applicable).

An overall score for each “existing” Hydropower and MHK project was calculated using a consistent weighting
methodology for some of the scored criteria. Below are the weightings that were applied to each criterion:

1. Relevance to Industry Needs and Overall DOE Objectives: the degree to which the project aligns
with objectives and goals of the Water Power Program and meets the needs of the Water industry at
large. (Stand Alone Metric)

2. Methods/Approach: the degree to which the project is well designed, technically feasible, and likely to
overcome the technical and non-technical barriers. (Weight = 30%)

3. Technical Accomplishments and Progress: the degree to which the project has delivered results and/or
progressed technically compared to the stated project schedule and goals. (Weight = 30%)

® Peer Review Guide, Based on a Survey of Best Practices for In-Progress Peer Review, August 2004
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4. Project Management: the effectiveness of the project's management, including project planning, project
execution, and allocation of resources to complete the project within scope, on-time, and within budget.
(Weight = 20%)

5. Research Integration, Collaboration, and Technology Transfer: the degree to which the project
successfully interacts, interfaces, or coordinates with other institutions and projects, and the degree to
which projects are disseminating the results of the R&D. (Weight = 10%)

6. Proposed Future Research (if applicable): the degree to which the future research proposed is relevant,
well-planned, and worthwhile of continued funding. (Weight = 10%)

In addition to the above six criteria, peer reviewers were asked to provide an overall qualitative assessment of the
project in a written narrative. Reviewers were asked to comment on overall strengths and weaknesses and to
include recommendations for ways to improve the projects.

For “existing” project evaluations, numerical scores were based on a five-point scale, with qualitative descriptors
given for the numerical scoring index (i.e., a score of 1 corresponds to a “Poor” rating, 2 corresponds to a “Fair”
rating, 3 corresponds to an “Average” rating, 4 corresponds to a “Good” rating, and 5 corresponds to an
“Outstanding” rating).

New Project Evaluations

Projects that were most recently awarded or funded in FY 2013 were referred to as “new” for the purposes of the
2014 Water Power Peer Review. Each of the “new” Hydropower and MHK projects received two cumulative
scores. The first score reflected the project’s relevance to industry needs and overall DOE objectives and the
second score was based on the evaluation of the technical approach of the project. Below is a more detailed
description of the evaluation criterion applied to the “new” projects:

1. Relevance to Industry Needs and overall DOE Objectives: the degree to which the project aligns with
objectives and goals of the Water Power Program and meets the needs of the Water industry at large.
(Stand Alone Metric)

2. Technical Approach: the degree to which the project is well designed, technically feasible, and likely to
overcome the technical and non-technical barriers. (Stand Alone Metric)

In addition to the above two criteria, peer reviewers were asked to provide an overall qualitative assessment of
each of the “new” projects by commenting on the aspects of the project that support successful outcomes or that
provides an advantage to the project, the aspects of the project that hinder successful outcomes or that
disadvantages the project, and recommendations for ways to improve the projects.

For “new” project evaluations, numerical scores were based on a five-point scale, with qualitative descriptors
given for the numerical scoring index (i.e., a score of 1 corresponds to a “Poor” rating, 2 corresponds to a “Fair”
rating, 3 corresponds to an “Average” rating, 4 corresponds to a “Good” rating, and 5 corresponds to an
“Outstanding” rating).

Program Evaluations

As part of the 2014 Water Power Peer Review, reviewers were also asked to provide comments and numeric
scores as part of an overall performance evaluation of the Water Power Program based on the four aspects listed
below:

1. Program Objectives: how well do Program objectives align with industry needs and Administration
Goals?

2. Research and Development (R&D) Portfolio: is the Water Program investment portfolio appropriately
balanced across research areas and recipient organizations to achieve the program's mission and goals?
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3. Management and Operations: evaluate the quality of the Water Program's team, management practices,

and operations.
4. Communications and Outreach: how effective is the Program at engaging with industry, universities,
other agencies, international actors, and other stakeholders?

Each criterion was scored as a stand-alone metric. Numerical scores were based on a five-point scale, with
qualitative descriptors given for the numerical scoring index (i.e., a score of 1 corresponds to a “Poor” rating, 2
corresponds to a “Fair” rating, 3 corresponds to an “Average” rating, 4 corresponds to a “Good” rating, and 5
corresponds to an “Outstanding” rating). Reviewers were also asked to provide qualitative feedback on program
strengths, program weaknesses, and any additional recommendations.

1.5 Scoring Analysis Methodology
The formula listed below was used to calculate the overall weighted average scores of the existing projects for
Hydropower and MHK in order to provide a means for comparing a project’s final overall score equivalently to
other projects:

Weighted Average Overall Score

TR (B2 . (852
n K—er Scnore 4) x (0.1)] + K—ZT{ S(:re 5) X (0.1)]

Equation 1: n equals the number of reviewers per scoring metric

New projects were evaluated on two stand-alone metrics: 1) Relevance to Industry Needs and overall DOE
Obijectives and 2) Technical Approach. The weighted average overall score for new projects is the Technical
Approach score.

Figure 1.5.1 represents an example project scoring graphic. The error bars on the scoring graph show the average
for the review and the first and third and quartile for each metric. The reviewer scoring histogram portion of the
scoring graphic shows the distribution of reviewer scores across all evaluation metrics. The project review
performance section of the scoring graphic shows how the project performed relative to other reviewed projects.
The relevance versus performance section illustrates how the project performed in regards to those two evaluation
metrics. Finally, the metric performance ratio section of the scoring graphic shows the ratio of relevance to
performance and which performance metric(s) most contributed to the project performance (weighted average
overall score).
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Figure 1.5.1 Sample project scoring graphic

For clarification, consider a hypothetical review in which only six projects were presented and reviewed in a
technology area. Table 1.5.1 displays the number of reviewers per project, the average scores for each of the
project’s six rated criteria, and the weighted average overall score for each project. The table also includes
average scoring results based on multiple populations to provide a comparative basis. The population areas are: all
projects reviewed, all existing projects, all existing MHK projects, all existing Hydropower projects, all new
projects, all new MHK projects, and all new Hydropower projects.
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Table 1.5.1 Sample project scoring table
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UAverageforReview 51 [FEN 3s 37 36 38 35

 Average for all Existing (MHK and Hydro) Projects (50 LN 38 37 36 38 35
' Average for Existing Program Area (MHK or Hydro) Projects (46 [LEN 39 38 35 39
 Average for Existing Technology Area Projects (50 EEl 33 32 29 30 25

o
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N w wwww /| Weigh
~N = = NN

Project A Title PI Name Organization Name @ 5.0 36 34 33 26 28
Project B Title PI Name Organization Name @ 5.0 35 32 32 34 31
Project C Title Pl Name Organization Name 5.0 32 34 31 28 27
Project D Title PI Name Organization Name @ 5.0 35 30 28 32 27
Project E Title PI Name Organization Name ' 5.0 fE¥e8 3.2 3.2 26 28 15
Project F Title PI Name Organization Name @ 5.0 30 28 22 31 22

Finally, the reviewers were asked to provide qualitative comments indicating specific strengths or weaknesses of
the project, along with recommendations for additions/deletions to the work scope. These comments, along with
the quantitative scores, were placed into a database for easy retrieval and analysis. These comments are
summarized in the following sections of this report. The qualitative analyses provided in this report are individual
comments made by the reviewers, as consolidated by the U.S. DOE for brevity and merging comments with
commonalities, and do not represent consensus opinion on the subject matter.

The following sections of this report provide:
¢ information on the Water Power Program structure and budget,
the program’s response feedback from the panelists,
programmatic scoring results and key findings and recommendations of the panelists,
overall summary results by program area,
Marine and Hydrokinetic Panel results and individual project evaluations,
Hydropower Panel results and individual project evaluations,
detailed qualitative program evaluations (comments) by the panelists,
lessons learned from the 2014 Water Power Peer Review Meeting process,
panelist feedback on the peer review process,
a list of acronyms,
a sample existing project evaluation form,
a sample new project evaluation form,
a sample program evaluation form,
the meeting agenda, and
the meeting attendee list.

oo
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2.0 Water Power Program Structure and Budget

The U.S. Department of Energy's (DOE) Water Power Program researches, tests, evaluates, and develops
innovative technologies capable of generating renewable, environmentally responsible, and cost-effective
electricity from water resources. This includes hydropower as well as marine and hydrokinetic energy (MHK)
technologies. The program works with national laboratories, industry, universities, and other federal agencies to
conduct research and development activities through competitively selected, cost-shared projects. Greater use of
the nation's water power resources for electric power generation will help stabilize energy costs, enhance energy
security, and improve our environment.

The Water Power Program conducts work in four key areas at the forefront of water power research. The program
is structured to help the United States (U.S.) meet its growing energy demands sustainably and cost-effectively by
developing innovative renewable water power technologies, breaking down market barriers to deployment,
building the infrastructure to test new technologies, and assessing water power resources for integration into our
nation's grid.

Research and Development
e Introduce and advance new MHK technologies to provide sustainable and cost-effective renewable
energy from the nation's waves, tides, currents, and ocean thermal gradients.
o Research and develop innovative hydropower technologies to sustainably tap the diverse water resources
of the U.S. including rivers, non-powered dams, conduits and canals.
o Demonstrate the ability of technologies like the Alden fish-friendly turbine to improve the environmental
performance of hydropower.

Market Acceleration and Deployment

o Break down barriers to deployment through sound science that ensures the water power technologies that
are promoted are sustainable and cost-effective.

o Develop and distribute the information developers need to obtain a permit or license to demonstrate their
innovative new technologies.

o Invest in Pumped-Storage Hydropower facilities to accelerate the deployment of the world's only
commercially available utility-scale energy storage technology.

o Revitalize the hydropower industry by investing in the scientists and engineers at our nation's universities
that will shape the future clean energy economy

Testing and Certification
o Design and build facilities where MHK devices can be tested at scale and certified in a controlled
environment before deployment.
o Develop centers of excellence and education at our nation's universities to build the expertise and
infrastructure necessary to make the U.S. is a leader in water power.
o National Marine Renewable Energy Centers currently exist at:
* Northwest National Marine Renewable Energy Center co-located at Oregon State
University and University of Washington,
» Hawaii National Marine Renewable Energy Center at the University of Hawaii, and
» Southeast National Marine Renewable Energy Center at Florida Atlantic University.

Resource Characterization and Grid Integration
e Assess the potential to produce energy from our nation's waves, tides, river and ocean currents, non-
powered dams, and new hydropower resources.



http://energy.gov/eere/water/research-and-development
http://energy.gov/eere/water/marine-and-hydrokinetic-technology-development-and-testing
http://energy.gov/eere/water/marine-and-hydrokinetic-resource-assessment-and-characterization
http://energy.gov/eere/water/hydropower-technology-development
http://energy.gov/eere/water/hydropower-resource-assessment-and-characterization
http://energy.gov/exit?url=http%3A//nnmrec.oregonstate.edu/
http://energy.gov/exit?url=http%3A//nnmrec.oregonstate.edu/
http://energy.gov/exit?url=http%3A//depts.washington.edu/nnmrec/
http://energy.gov/exit?url=http%3A//hinmrec.hnei.hawaii.edu/
http://energy.gov/exit?url=http%3A//snmrec.fau.edu/
http://energy.gov/eere/water/downloads/mapping-and-assessment-united-states-ocean-wave-energy-resource
http://energy.gov/eere/water/downloads/assessment-energy-production-potential-tidal-streams-united-states
http://energy.gov/eere/water/downloads/assessment-energy-potential-non
http://energy.gov/eere/water/downloads/assessment-energy-potential-non
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e Investigate hydropower's Water Power Program Budget History
potential to integrate variable 60
renewable energy sources such
as wind and solar power into 50
the U.S. energy mix.
o Characterize hydropower's 20
value beyond energy a
production by quantifying its 2
contribution to the stability E
and flexibility of the nation's «
grid. kY
The DOE has allocated $58.6 million 10 -
in fiscal year 2014 funds for the Water ]
Power Program to research and o ‘ ‘ ‘ ‘ ‘ ‘
develop marine and hydrokinetic 2008 2009 2010 2011 2012 2013 2014
(MHK) and hydropower technologies. Fiscal Year

Current activities supported by this
budget include:

e MHK Technology Systems and Components Research and Development (R&D): R&D to develop
advanced MHK systems and component technologies to increase energy capture, reliability, and
survivability for lower costs.

e Hydropower R&D: Develop advanced hydropower technologies that drive down the cost of new
hydropower project development, including standardized generating units with improved energy
performance, high efficiency electrical components, and low environmental impact technologies.

e Pumped-Storage Hydropower: Study and develop new, smaller, pumped-storage designs that will
leverage manufacturing economies of scale and open new markets by avoiding many constraints
associated with larger-scale deployments.

e Manufacturing R&D: Develop advanced manufacturing for making hydropower technologies
lightweight and modular to reduce the cost of the construction, deployment, and maintenance.

Figure 2.1 Water Power Program budget history

Figure 2.1 represents the budget history of the Water Power Program from FY 2008 to FY 2014 (in nominal
dollars).

For the MHK projects presented at the 2014 Water Power Peer Review, projects aligned with one or more of the
below objectives:

Advancing the state of MHK technology,

Developing key MHK testing infrastructure, instrumentation, and/or standards,

Characterizing and increasing access to high resource sites, and/or

Reducing deployment barriers and environmental impacts of MHK technologies.

For the Hydropower projects presented at the 2014 Water Power Peer Review, projects aligned with one or more
of the below objectives:

Advancing new hydropower systems and/or components for demonstration or deployment,

Optimizing existing hydropower technology, flexibility, and/or operations,

Enabling next generation pumped storage technologies to facilitate renewable integration, and/or
Reducing deployment barriers and environmental impacts of hydropower.

10
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Figure 2.2 illustrates the breakout of the Water Power Program technology panel budgets (DOE funding only) for
Fiscal Years 2012, 2013, and 2014 for all MHK and Hydropower projects that were reviewed in 2014.
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1 Hydro - Pumped Storage Hydro
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Hydro - Market Acceleration
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M Hydro - New Hydro
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B MHK - Computational Modeling and
Analysis
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Figure 2.2 Water Power Program technology panel budgets (DOE funding) of MHK and Hydropower projects reviewed in 2014
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3.0 Programmatic Scoring Results and Key Findings and
Recommendations of the Panelists

As part of the 2014 Water Power

Peer Review process, reviewers ReviewerlD OP;." gram R&D Portfolio M?agem.e"t & c°zrgu"'cat:’ ns
were also asked to perform a jectives perations reae
quantitative and qualitative analysis ~ [Reviewer0l e el =0 5
of the Water Power Program based ~ |Reviewer02 = = = =
on the four aspects listed below: Reviewer03 A7 44 4.8 4.7
1. Program Objectives; Reviewer04 4.5 4.0 4.5 3.7
2. Research and Development ::::x:gz 2'8 i‘g 3‘2 Zng
(R&D) Portfolio; Reviewer07 4.5 4.5 5.0 4.6
3. Management and Reviewer08 5.0 2.0 4.0 5.0
Operations; and Reviewer09 4.0 4.0 5.0 5.0
4. Communications and Reviewer10 5.0 4.0 5.0 4.0
Outreach. Reviewerll 4.3 4.5 5.0 4.2
Specifically, panel members were asked to 50
evaluate: 1) how well Program objectives $
align with industry needs and o g 40
Administration goals, 2) if the Water 83
Power Program investment portfolio is vg 2
appropriately balanced across research § ]
areas and recipient organizations to =¥ ¥
achieve the program's mission and goals, 2
3) the quality of the Water Power Program's
team, management practices, and 0
operations, and 4) the effectiveness of the 2 ¢ w0
Program at engaging with industry, s go 50
universities, other agencies, international 28 o .Il I. ||I Ill
actors, and other stakeholders. Panel 1..2..3.4.5|1.2.3.4.5|1..2.3.4.5|1..2.3.4.5
members were also asked to comment on the
strengths and weakness of the program. Figure 3.1 Program scoring results

Each criterion was scored as a stand-alone metric. Numerical scores were based on a five-point scale, with
qualitative descriptors given for the numerical scoring index (i.e., a score of 1 corresponds to a “Poor” rating, 2
corresponds to a “Fair” rating, 3 corresponds to an “Average” rating, 4 corresponds to a “Good” rating, and 5
corresponds to an “Outstanding” rating). Figure 3.1 summarizes the panelists’ overall quantitative evaluation of
the performance of the program.

Figure 3.2 summarizes the Marine and Hydrokinetic (MHK) panelists’ quantitative evaluation of the performance

of program, and figure 3.3 summarizes the Hydropower panelists’ quantitative evaluation of the performance of
the program.
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Marine and Hydrokinetic
ReviewerIlD Program R&D Portfolio Management & | Communications
Objective Operations & Outreach

Reviewer07 4.5 4.5 5.0 4.6
Reviewer08 5.0 2.0 4.0 5.0
Reviewer09 4.0 4.0 5.0 5.0
Reviewerl0 5.0 4.0 5.0 4.0
Reviewerll 4.3 4.5 5.0 4.2

avg 4.6 3.8 4.8 4.6
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Figure 3.2 MHK Program evaluation scoring results

Hydropower
ReviewerlD Program R&D Portfolio Management & Communications
Objective Operations & Outreach
Reviewer01 4.5 4.0 5.0 4.5
Reviewer02 4.5 3.5 4.0 4.0
Reviewer03 4.7 4.4 4.8 4.7
Reviewer04 4.5 4.0 4.5 3.7
Reviewer05 5.0 4.0 4.0 4.0
Reviewer06 5.0 4.5 4.5 2.0
avg i / / Q
5.0
E 4.0 T
3
9w
8 “‘71 3.0
@ w
[
o - !
z ? 20
s
i/gu 1.0
4.7
- 0.0
é g ]OO"/.
qg)_ ? 50%
r e 0% | | .II_
1..2..3..4.5|1..2.3.4.5|1..2.3.4.5|1..2.3.4..5

Figure 3.3 Hydropower Program evaluation scoring results
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Below are the key findings, recommendations, and opportunities for improvement suggested by the Hydropower
and Marine and Hydrokinetic (MHK) panelists. The comments presented below are focused on overall
observations and impressions of the Water Power Program portfolio and program management aspects. All
detailed reviewer comments on the program are included in Section 8.0 of the report. Additionally, all detailed
reviewer comments and scoring evaluations on individual projects are included in Sections 6.0 and 7.0 of the

report.
Key Findings of the Peer Review Panelists
Hydropower Marine and Hydrokinetic
Programmatic Summary Programmatic Summary
» DOE’s Water Power Program leadership, personnel, » The approach, breadth, and growth of the program
and support team performance and achievements are are fantastic. Leadership and staff are top notch.
excellent. The program has done a terrific job of They seem to share a passion for advancing the
showing that hydropower is a vital resource and still industry and are accomplishing quite a bit with a
has a lot to offer with a key role in future energy limited number of individuals.
solutions. » The program is built on a solid foundation of
» Steps that are being undertaken to transition from cooperation between DOE, industrial partners,
project "grants" to co-managed projects are excellent national laboratories, and academia. While not
strategic actions to better align the program’s funding perfect, this foundation provides the best path for
activities in meeting set goals. the U.S. to succeed in the international marketplace.
» DOE's traditional focus on research may distract » DOE is helping developers continue to move forward
program efforts meant to inform and influence energy in a very difficult U.S. market caused by the lack of
policy. clear national energy policy, low energy costs due to
» Regulatory issues delayed many DOE co-funded natural gas pricing, and a very difficult regulatory
projects causing cash-flow issues for the DOE environment.

program. DOE’s Hydropower Program needs to review
Federal and State regulatory processes to identify
research required to streamline permitting processes.

» Atrend toward heavy reliance on national labs to
originate projects may lead to blind spots in the
practical hydropower industry and in applied research
since it is atypical to see lab principal investigators
(Pls) in the field.

Portfolio Summary
» DOE should rebalance the portfolio to prioritize

advancement of leading technology to the full
commercialization stage and addressing the barriers
to full deployment. National Lab reference model,
open-source software development, and
hydrographic research projects with little near-term
value should be low priority.

Portfolio Summary » The program has maintained a portfolio of system

» The program’s current mix of existing, new, and and component development efforts by industry that
pumped-storage projects is about right. are still at the research and development (R&D)

» The overall program alignment is good but there are stage, allowing smaller U.S. companies to grow.
still some gaps, especially with regards to licensing » Projects related solely to infrastructure
uncertainty and time required. The Hydropower development, particularly the fourth Test Site, should
Program could contribute significantly to improving be carefully evaluated to assure that they do not take
the permitting and licensing process. resources from in-water demonstrations (exceptions

» Research that develops new algorithms for modeling include those efforts that are intended to enhance
hydropower operations is an important part of the U.S. competitiveness in the global MHK community).
research portfolio and meets industry wide » In a few specific cases, the national labs were used
applications and needs. However, research is also on projects that industry would have been better
needed for enhanced applications of modeling to positioned to perform.

improve the permitting processes.
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Recommendations and Suggested Opportunities for Improvement
Hydropower Marine and Hydrokinetic
Programmatic Management Programmatic Management

» Use DOE's technical clout to inform Congress of the » Advancing the state of MHK technology by in-water
need for policy changes that drive hydropower demonstrations should be the highest priority for the
forward. Make the technical case to Congress in order MHK Program.
to set the policies to incentivize development of » When building partnerships between labs and
hydropower resources as the primary resource needed industry going forward, DOE should ensure lab
to integrate variable renewables onto the grid. projects consult with industry on study protocols and

» Research that comes up with new methods for things integrate industry feedback on deliverables. DOE
like hydrologic forecasting and environmental health of should work to ensure more streamlined process for
rivers may not be well aligned with DOE’s energy- lab-company intellectual property agreements.
focused objectives. » Take a balanced approach to the MHK portfolio.

» Downscaling for climate change is a large and Don't focus too many resources on initiatives whose
duplicative effort. DOE could spend the resources results won't be seen for a number of years at the
leveraging existing datasets and on modeling the expense of projects/initiatives that are close to
specifics of systems that focus on the hydropower success.
resources. o Continue to support the Industry through:

> Although good forecasts help optlmlze hydropower » Participating in international organizations.

Yalu?’ there are many other agencies aIreédy working » Transferring scientific knowledge within the national
in this area and many methods that are widely used labs to avoid "reinventing the wheel."
and accepted. » Addressing regulatory issues by having the national

» Software should be developed based on ultimate user
needs. It is more likely that software developed under

research grants will be "research" software, usable
mainly by research projects and not so much by Address the f0||OWIng gaps in the MHK Portfolio:

industry. » Continue to allocate MHK funds to support R&D
efforts and increase the MHK focus on R&D studies.

labs provide solid scientific data to address
environmental concerns when possible.

Addreés the issues that a?re holding Hydropower back: » Build off of existing or ongoing research done by the
» High cost, long duration, and a lack of schedule Oil and Gas Industry or the Navy
cert.a!nty n Ilcensmg.and per.mlttlng ProCesses. » Reach out to the global communities and review what
» Deficient market design and inadequate market the Europeans have done
valuation of hydropower/pumped storage attributes » Prepare for concerns that will be coming down the
that are key to integrate variable renewables and track regarding site selection for WECs
provide grid reliability. » Best value for U.S. taxpayers is for DOE to develop

» Failure to monetize the ancillary benefits of
hydropower to the public when compared to other
competing technologies being built to integrate
renewables.

consistent funding lines to support commercialization

of specific, promising technology by developers,

disbursed only upon achievement of performance

metrics, and where feasible, matching funds.

Address the following gaps in the Hydropower Portfolio:

» Accelerate and improve schedule certainty of licensing

process by informing policy makers with findings and
recommendations.

Future focus areas:
» Maintaining an emphasis on in-water demonstrations
by industrial partners (including small ones), i.e. “fund
industry, not technologies.”

> Assess current methods and V|ab|l|t.y of get‘Flng fish » Opening test centers and getting first projects in the
upstream and downstream of physical barriers. The water are very important
R&D Is all on turbine passage. » Market Acceleration should focus on the needs of the

» Consider a role for DOE as an arbitrator of

; . ) ) industry as well as what is required to continue to
environmental considerations and public good.

progress the industry.
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Future focus areas:

Accelerating and improving schedule certainty of
licensing process by developing computerized
processes that can improve the quality as well as
reduce the time for agency (e.g., EPA, States, F&WS)
reviews and informing policy makers with findings
and recommendations.

Establishing and owning a robust and neutral Low
Impact Hydro Certification Program.

Establishing outreach and stakeholder involvement to
environmental community on expansion
announcements to mitigate potential categorical future
push back.

Providing guidance on removing market barriers and
promoting efficient market design.

Expanding the ongoing climate change study to also
address non-federal hydro.

Continuing to improve the project selection process
and determining how the laboratories are funded.
Utilizing lab resources and contractors more
effectively. There seems to be a lot of overlap on
what a contractor can do versus what a lab can do, i.e.
there are things that DOE can give to a contractor that
will allow for better utilization of lab resources.
University partnerships are excellent and should pay
dividends in ideas and talent for years to come.

The near-to-market commercialization status of tidal
power technology suggests that DOE should
reconsider funding emphasis for wave technology
development, and instead offer parity funding to tidal
and wave power technology.

The quickest path forward for MHK sector
development overall is to finish the mission on the
nearest to market technology and secure successful
deployment of that technology within the US and
globally. Will generate valuable cost reduction lessons
for wave technologies on manufacturing, operations
and maintenance (O&M), and supply chain
development.
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4.0 Program Response to Programmatic Scoring Results and Key
Findings and Recommendations of the Panelists

The following section details key comments recorded by the Water Power Peer Review Panel as well as responses
to these comments from WWPTO management and staff in the areas of Hydropower and Marine and
Hydrokinetics.

4.1 Program Response - MHK

TOPIC AREA: Program Objectives and Strategy
e The approach, breadth, and growth of the program are fantastic.

e The program is built on a solid foundation of cooperation between DOE, industrial partners, national
laboratories, and academia. While not perfect, this foundation provides the best path for the U.S. to
succeed in the international marketplace.

e DOE is helping developers continue to move forward in a very difficult U.S. market caused by the lack of
clear national energy policy, low energy costs due to natural gas pricing, and a very difficult regulatory
environment.

e Advancing the state of MHK technology by in-water demonstrations should be the highest priority for the
MHK Program.

Reviewers’ confirmed that program objectives align well with industry needs and recognized that in-
water demonstrations are an important part of the strategy to drive progress in the MHK industry. DOE
works diligently to interface regularly with industry representatives, ensuring that its labs and other
funded partners are working on the most important priorities for the industry at large.

TOPIC AREA: Management and Operations
o When building partnerships between labs and industry going forward, intellectual property issues may

arise as a device progresses from an early technology readiness level through commercialization.

e DOE should work to devise solutions to the "no mortgage" prohibition on multiyear funding stream in
order to address the most serious barrier to development - adequate funding to bring a promising
technology to commercialization.

e Joint federal agency partner approach to developing a streamlined standard permit with conditions
blessed by each agency (e.g. the National Pilot Project Permit by Rule) would be a game changer in terms
of moving pilot projects ahead, and developing the data needed to address both environmental and
engineering design issues.

e Ina few cases, delays were noted with regard to the execution of agreements between the Labs and
Industry. This may be a unique aspect of Governmental organizations and there may be no obvious
solution. The time for executing a simple NDA was an order of magnitude longer than | am used to.

Reviewers applauded the management and operations of the Program’s R&D activities; the Program
will continue to encourage partnerships between its national laboratories and industry. The difficulty of
this kind of formal relationship has been recognized at all levels within the DOE system and currently,
the program is engaged in a broader initiative to develop a Technology To Market (T2M) Strategy. The
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T2M Strategy will identify specific activities through which the office can encourage technology
transfer between national labs and industry. This strategy will include opportunities to address issues
around the mortgage policy at DOE as well as the time requirements of entering into research
agreements with national labs.

TOPIC AREA: Portfolio Balance

e The program has maintained a portfolio of system and component development efforts by industry that
are still at the research and development (R&D) stage, allowing smaller U.S. companies to grow.

e Projects related solely to infrastructure development, particularly the fourth test site, should be carefully
evaluated to assure that they do not take resources from in-water demonstrations (exceptions include
those efforts that are intended to enhance U.S. competitiveness in the global MHK community).

e Take a balanced approach to the MHK portfolio. Don't focus too many resources on initiatives whose
results won't be seen for a number of years at the expense of projects/initiatives that are close to
success.

e Build off of existing or ongoing research done by the Oil and Gas Industry or the Navy.

e DOE should rebalance the portfolio to prioritize advancement of leading technology to the full
commercialization stage, addressing the barriers to full deployment.

e The Program Portfolio investments in open-source software are problematic. MHK developers have
expressed the concern that existing, proven proprietary software exists and there is not a barrier to
development posed by software availability.

It is very encouraging to see the reviewers’ feedback regarding the importance of in-water
demonstrations to the progress of this industry. Encouraging the success of companies, specifically
small businesses, in the MHK industry is of utmost importance to the Program and to DOE. Based on
reviewer feedback, the program will carefully consider developing additional test sites when the
opportunity cost of that development may be additional in-water demonstrations. The program will
examine and re-evaluate the benefits of developing software tools within our portfolio of National Lab
projects; however, DOE recognizes the intrinsic value of open-source tools to the extent that the current
costs of available software tools prohibit start-up companies or new adopters from developing novel
designs and/or entering the market. In addition, the program carefully considers research conducted for
complimentary industries, inclusive of offshore wind, oil and gas, and others. Much of the program’s
offshore wind work is also applicable to the MHK industry and the program uses these technical
overlaps to the extent possible in setting research priorities. Finally, the program understands the need to
balance short-term and long-term research priorities. To the extent possible, the program attempts to
fund short-term research priorities that will benefit long-term industry goals.

TOPIC AREA: Role of the National Laboratories

e |n a few specific cases, the national labs were used on projects that industry would have been better
positioned to perform.

e Continuing to improve the project selection process and determining how the laboratories are funded.

e Utilizing lab resources and contractors more effectively. There seems to be a lot of overlap on what a
contractor can do versus what a lab can do, i.e. there are things that DOE can give to a contractor that
will allow for better utilization of lab resources.
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e DOE will need to add specific project requirements to ensure active outreach by the National Labs to
determine the state of research in other research centers globally (not just a desktop review of research
publications, which do not capture ongoing or unpublished work). Also, the Labs should be required to
interview the MHK developers to learn about their needs on any given project, or to beta test any
proposed deliverable (models, software, etc.).

e |t appears that at times there has been too much free reign to the labs to pursue projects that they think
are in best interests of the industry without upfront and regular interaction with industry to make sure it
will help them

The Water Power Program strives to maintain a well balanced portfolio that leverages the unique
capabilities and skills resident in both Industry and the National Laboratory infrastructure. In FY2015,
the Water Power Program will be implementing a Merit Review Process for all new projects initiated as
part of our Annual Operating Plan with the National Labs. While the details of the process have yet to
be fully defined, a strong emphasis could be placed on such items as: Relevance to Industry;
Ability/applicability of the National Lab to engage/collaborate with Industry on the project; and
duration of the project such that timely results are attained and pushed to industry. Additionally, in
FY2015 EERE will be launching the T2M Strategy to ensure that the work performed under the
guidance of the National Laboratories has a clear path to integration in industry. This should alleviate
the issue that was identified where laboratories have had the freedom to initiate and pursue projects that
are not necessarily relevant to industry.

4.2 Program Response — Hydropower

TOPIC AREA: Program Objectives and Strategy

e The current mix of existing, new, and pumped-storage projects is about right.

e Research that develops new algorithms for modeling hydro operations is an important part of the
research portfolio.

e The overall program alignment is good but there are still some gaps, especially with regards to licensing
uncertainty.

e The Market Barriers and Financial Performance areas should be divided.

e Need more focus on increasing the efficiency and certainty of Hydro licensing/permitting and improving
market valuation of Hydropower and Pumped Storage attributes.

e Gaps exist in highlighting licensing and permitting difficulties that create uncertainty for future
investment for hydro. Additional program engagement in driving comprehensive energy policy would be
a positive for our country - not just hydro.

e Environmental barriers (ESA, etc.) have been extensively well documented and mapped out, but as an
industry, we haven't done nearly as good a job of touting the non-generating benefits that many
reservoirs and hydropower dams provide. | would like to see a little more balance to this evaluation.

Reviewers confirmed that program objectives align well with industry needs in specific areas, and
finding a proper balance between existing, new, and pumped storage projects is of utmost importance to
the program. As the program shifts towards a strategy that quantifies the benefits of hydropower in the
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U.S., assigning proper market valuation to these assets will be a significant piece of this strategy. The
program has already added additional research in this area over the past several years and plans to
continue this trend into the future. In addition, the program plans to more actively engage with and
inform permitting and regulatory processes as possible in the coming years in order to help shorten
and/or remove inefficiencies in the permitting process for new hydropower. The Water Program is
actively evaluating how we will manage the Financial Performance portion of the Hydropower Portfolio
in upcoming annual plans. Currently this is a cross-cutting function within the sister Wind Program and
strong consideration is being given to separating Financial Performance from the Market Barriers work.
The program is aware of how important these efficiencies will be for the addition of new hydropower to
the U.S. electrical grid. Finally, it is encouraging to hear that reviewers place high value on the
program’s market acceleration and deployment activities specific to environmental performance and fish
passage. The program will continue to engage in these types of activities into the future.

TOPIC AREA: Management and Operations
e Steps are being taken to address transition from project "grants" to co-managed projects. This is an
excellent step forward.
e Inthe R& D space and demonstration projects, it would be helpful to seek advice from experts in the

industry, early on.

e | would like to see/verify that there is more upfront outreach to industry end users during the scoping
and development stages of a project. This was mentioned in several presentations and may be
happening but these solicitations are apparently not well publicized.

e Many projects do not have clear measures of success.

o All projects should be evaluated against the question, “How will this help grow hydropower in the US?”
and should focus on the deliverable to the end user.

e Risky projects like new inventions should be monitored more closely and by people who have some
expertise in the technical details.

e Get end-users involved on the front end.

e Make sure the data and modeling projects don't go too far into the realm of diminishing returns. Make
sure the high value issue to be addressed or answer to be sought is clearly defined, and then stop the
project once the issue or answer is addressed.

In large part, reviewers support current management and operations practices of the Program’s R&D
activities as the Program moves towards high utilization of cooperative research agreements (CRADA’s)
rather than grants. The involvement of end-users and industry experts early on in the project scoping
process is something that the program is actively developing as it embarks on a new effort for merit
review. In this new merit review process, projects will be more closely evaluated early on in the
development stage. These merit reviews will have a forward looking component and will supplement the
Peer Review process, which will continue to be a retrospective into the program’s funded work. It is the
intent of this merit review process to more actively engage industry perspectives in the project
development phase. This will also help identify and define success metrics for R&D projects and will
help to answer the above-noted question, “How will this help grow hydropower in the US?” Finally,
merit reviews, peer reviews, and the Program’s continued robust process for Active Project Management
(APM) will ensure that projects are completed on time and do not experience diminishing returns to
scale.
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TOPIC AREA: Portfolio Balance

e Use DOE's technical clout to inform Congress of the need for policy changes that drive hydropower
forward. Make the technical case to Congress in order to set the policies to incentivize development of
hydro resources to integrate variable renewable onto the grid.

e Regulatory delays continually cause cash-flow issues. Emphasis needs to go up the chain to Congress.

e Research that comes up with new methods for things like hydrologic forecasting and environmental
health of rivers may not be well aligned with DOE objectives.

e Downscaling for climate change is a large and duplicative effort. DOE could spend the resources on
modeling the specifics of systems that focus on the hydro resources.

e Although good forecasts help optimize hydro value, there are many other agencies already working in
this area and many methods that are widely used and accepted.

e Software should be developed based on user needs. It is more likely that software developed under
research grants will be "research" software, usable mainly by research projects and not so much by
industry.

e Establish a robust Low Impact Hydro Certification program.

The Department of Energy has a well-defined role in developing new energy technologies that will
secure America’s energy independence and security. To the extent possible, the Program actively
engages Congress by providing unbiased, technical information that has the possibility for informing
policy debates around a particular energy source or issue. However, it must be emphasized that the
Program is limited in scope by the extent to which it may lobby for any given technology and must
maintain its role as an unbiased arbiter of information. In addition, Congress maintains full latitude to
call upon DOE to conduct research that addresses a very specific technical concern within a given policy
debate, independent of that research project’s implicit value to the industry at large (i.e., climate
change).

Resource Characterization is a key area of the Water Power Program. While more emphasis has been
placed on the development of new hydropower technology, the Program does work collaboratively with
other agencies and the National Laboratories to better understand the impact of better forecasts on
hydropower production. A Low Impact Hydro Certification program will be seriously considered under
the scope of this the program’s technology development role as the program looks to identify new
projects for the future.

TOPIC AREA: Role of the National Laboratories
e Atrend toward heavy reliance on national labs to originate projects may lead to blind spots in practical

research since it is atypical to see lab principal investigators (Pls) in the field.

e There appears to be a trend toward heavy investment (almost exclusive investment) in work for the
National Labs in 2014.

e There are a number of very talented, creative and productive scientists in the Labs that carry a
disproportionate part of the research. This contributes to continuity and reliability of results, but may
limit the creative input somewhat. Perhaps more collaboration between these people and agency or
university scientists and engineers would have even better outcomes.
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e The Labs contribute significant and valuable science, but also have projects with deep funding levels that
don't seem to be generated by industry need or alignment with the goals.

e Get more technical work performed outside the labs, especially modeling, and share and interact more
with outside professionals and other organizations.

The Water Power Program strives to maintain a well balanced portfolio that leverages the unique
capabilities and skills resident in both Industry and the National Laboratory infrastructure. In FY2015,
the Water Power Program will be implementing a Merit Review Process for all new projects initiated as
part of our Annual Operating Plan with the National Labs. While the details of the process have yet to
be fully defined, a strong emphasis could be placed on such items as: Relevance to Industry;
Ability/applicability of the National Lab to engage/collaborate with Industry on the project; and duration
of the project such that timely results are attained and pushed to industry.
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5.0 Overall Summary Results by Program and Technology Panel
Areas

This section looks at the average overall scoring and average scoring per metric for Marine and Hydrokinetic
(MHK) and Hydropower projects in relation to the following statistical populations: all projects reviewed, all
existing projects, all existing MHK projects, all existing Hydropower projects, all new projects, all new MHK
projects, and all new Hydropower projects. Numerical scores were based on a five-point scale, with qualitative
descriptors given for the numerical scoring index (i.e., a score of 1 corresponds to a “Poor” rating, 2 corresponds
to a “Fair” rating, 3 corresponds to an “Average” rating, 4 corresponds to a “Good” rating, and 5 corresponds to
an “Outstanding” rating).

Overall, all populations scored high in both relevance (between 4.0 and 4.3) and weighted average overall score
(between 3.6 and 3.9). Additionally, panelists consistently rated relevance slightly higher than the weighted
average overall score across all populations. The “New Hydropower Projects” scored the highest in average
relevance (4.3) and the highest in weighted average overall score (3.9). It should be noted (as described in Section
1.5 Scoring Analysis Methodology) that the weighted average overall scores for “New” projects are based solely
on the “methods/technical approach” metric since relevance is scored as standalone. The “Existing Hydropower
Projects” scored the lowest in relevance (4.0) and weighted average overall score (3.6), but as previously
mentioned these are still excellent scores based on a five-point scale. Existing Hydropower and New Hydropower
Projects had the highest average number of reviewers per project at 5.5. The average number or reviewers per
project ranged from 4.6 to 5.5 across the populations.

Table 5.1 lists the overall average scoring results and average score per metric for all projects reviewed, all
existing projects, all existing MHK projects, all existing Hydropower projects, all new projects, all new MHK
projects, and all new Hydropower projects.

Table 5.1 Overall summary peer review scoring results

Accomplish- Project Technology Future S
CEEVENLES Methods Average
ments Management Transfer Research Score

AverageforReview 51 [0 38 3.7 3.6 3.8 35
_- 3'8 3.7 3'6 3.8 3.5
_- 3.9 3.8 3.5 3‘9 3.6 n
_-“ 3.7 3.6 3.6 3‘7 3.4 “
_ - 3 .7
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The MHK and Hydropower program areas were organized into technology panels for the 2014 Peer Review
Meeting. Column one in Figure 5.1 lists the technology panel areas that were reviewed. Column two illustrates
the average relevance and performance scores per panel (performance is the weighted average overall score for
the panel). Column three shows the cumulative budget for all projects in each panel (including cost share) as well
as the panel budget as a percentage of the total budget for all projects reviewed. Column four shows the number
of projects per panel, and column five shows the average budget per project per panel.

The average relevance score for all of the panels was 4.1, and the average performance score for all of the panels
was 3.8. The National Marine Renewable Energy Centers (NMREC) scored the highest in relevance (4.9) and
performance (4.5). Computational Modeling and Analysis scored the lowest in relevance (3.5) and performance
(3.0). Sections 6 and 7 delve further into the results (scoring and detailed comments) on an individual project
basis for the MHK and Hydropower Program Areas.

Panel
(by score high to low)

Panel Score

Panel Budget
Total and % of Review

Panel Projects Avg Budget

per Project

NMREC

Market Acceleration -

U1

SOM

$38.9M

10%
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10 (10%)

|
. 29 12 A |
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|
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Resource | |
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|
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& Instrumentation | |
|
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|
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Figure 5.1 Technology panel summary results

24




U.S. DEPARTMENT OF Energy Efficiency &

ENERGY Renewable Energy MHK Panel Results and Project Evaluations

6.0 Marine and Hydrokinetic Panel Results and Individual Project
Evaluations

The Water Power Program supports the development of
marine and hydrokinetic (MHK) devices, which capture
energy from waves, tides, ocean currents, the natural flow of
water in rivers, and marine thermal gradients, without
building new dams or diversions. In order to meet its
generation goals, the program supports the design,
development, testing, and demonstration of technologies that
can capture energy from waves, tides, and currents.
Additionally, the program funds the creation of
instrumentation, modeling, and simulation tools to enable
real-condition testing of technologies.

The MHK research and development (R&D) efforts focuson &
advancing technologies that capture energy from the nation's ~ Testing in Oregon - Wave Energy Technology New Zealand
oceans and rivers. Unlike hydropower, marine and http://images.nrel.gov/viewphoto.php?imageld=6980555
hydrokinetics represent an emerging industry with hundreds of potentially viable technologies. The program is
therefore leading efforts to prove functionality; evaluate technical and economic viability; and generate cost,
performance, and reliability data for a variety of devices.

For the purposes of the 2014 Peer Review, MHK projects were organized into the following six technology
panels: Computational Modeling and Analysis, Technology Advancement, Market Acceleration and
Deployment, the National Marine Renewable Energy Centers, Testing Infrastructure and Instrumentation, and
Resource Characterization. Each panel was further split into “existing” and “new” categories. Existing projects
are those that received funding in FY2012 and FY2013. The new projects are those that were most recently
awarded (FY2014). The existing and new populations were used for the comparative statistical analyses that were
conducted on the quantitative evaluations submitted by the panelist.

Figure 6.0.1 illustrates funding levels based on “new” and “exiting” MHK projects while figure 6.0.2 shows
funding levels based on the MHK technology panels that were reviewed in 2014. The funding levels in these
figures span budgets from multiple years.

$6,514,250 _ 411,250,000

$7,454,398 B Computational Modeling
T and Analysis

® Market Acceleration

= NMREC

M Existing
M Resource
Characterization

B New

B Technology

Advancement
$925,000

M Testing Infrastructure
and Instrumentation

Figure 6.0.1 Funding for new and existing MHK projects Figure 6.0.2 Funding based on MHK technology panels
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Figure 6.0.3 illustrates the weighted average overall scores and the relevance to Water industry needs and overall
DOE objectives scores for all existing MHK projects that were reviewed in the 2014 Water Power Peer Review.

WHP140050 - Flowfield Characterization for Tidal Energy Sites

WHP140047 - Standards Development: IEC TC114 and the Ocean Energy Systems Agreement of...
WHP140046 - Instrumentation System Development

WHP140045 - MOIS: Modular Ocean Instrumentation System

WHP140044 - Southeast National Marine Renewable Energy Center

WHP140043 - Hawaii National Marine Renewable Energy Center (HINMREC)

WHP140042 - Northwest National Marine Renewable Energy Center

WHP140040 - EERE Post-doctoral Research Awards

WHP140039 - West Coast Coastal Marine Spatial Planning Support

WHP140038 - IEA OES Annex IV Support and Tethys Database Development

WHP140036 - WEC Array Modeling Improvements to Assess Far-Field Environmental Effects
WHP140035 - Tidal Modeling, User Manual, Validation, and Acoustics Package
WHP140034 - Acoustics Experimentation and Characterization

WHP140033 - Strike Analysis

WHP140032 - Strike Analysis

WHP140031 - Impacts of Individual and Multiple MHK Stressors (Hydroacoustic /ELAM)
WHP140030 - Alden/ORNL Strike Flume Studies

WHP140026 - Advanced Materials and Manufacturing Reliability

WHP140025 - Materials & Coatings + Manufacture Reliability

WHP140023 - Industry Support: ORPC

WHP140022 - MHK Industry Support

WHP140021 - Advanced Integration of Power Take-Off in Vortex Induced Vibrations Aquatic Clean...
WHP140020 - Advancement of the Kinetic Hydropower System (KHPS)

WHP140019 - Puget Sound Pilot Tidal Energy Project

WHP140018 - Aquantis C-Plane Ocean Current Turbine Project

WHP140017 - OCGen® Module Mooring Project

WHP140016 - TidGen® Power System Commercialization Project

WHP140015 - Wavebob Advanced Wave Energy Converter (AWEC) & Power Take Off (PTO)
WHP140014 - Direct Drive Wave Energy Buoy

WHP140013 - Reedsport PB150 Deployment and Ocean Test Project

WHP140012 - PB500, 500 kW Utility Scale PowerBuoy Project

WHP140011 - WET-NZ Multi-mode Wave Energy Convertor Advancement Project
WHP140006 - OpenWARP Coding Competition

WHP140005 - Wave Energy Converter Modeling

WHP140004 - Wave Energy Converter Modeling

WHP140003 - Reference Models

WHP140002 - Reference Model Proejct and Lifecycle Cost Analysis

WHP140001 - Reference Model Project and Lifecycle Cost Analysis

Score

1 Weighted Average Overall Score
M Relevance to wind industry needs and overall DOE objectives

Figure 6.0.3 Relevance and weighted average overall scores for all existing MHK projects
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Figure 6.0.4 illustrates the weighted average overall scores and the relevance to Water industry needs and overall
DOE objectives scores for all new MHK projects that were reviewed.

WHP140052 - Wave Environmental Characterization at Wave...
WHP140051 - DOD MHK Deployment Potential NEW
WHP140049 - Marine and Hydrokinetic Testing Infrastructure...
WHP140048 - Advanced Turbulence Measurements...
WHP140041 - MHK Regulator Training NEW
WHP140037 - Introduction to the MHK Environmental FOA NEW
WHP140029 - Introduction to the System Performance and...
WHP140028 - MHK Manufacturing Needs Assessment and Cost...
WHP140027 - Reliability and Survivability Risk Assessment...
WHP140024 - Performance Testing for Hydrokinetic Canal...
WHP140010 - Tidal device field measurement campaign to...
WHP140009 - Tidal Device Research: Field Measurement...
WHP140008 -Tidal Research: Model Development and Field...
WHP140007 - Advanced WEC Controls NEW

0.0 1.0 2.0 3.0 4.0 5.0
Score

Weighted Average Overall Score
M Relevance to wind industry needs and overall DOE objectives

Figure 6.0.4 Relevance and weighted average overall scores for all new MHK projects

Individual MHK project evaluations, including scoring results and detailed verbatim comments from the panelists,
are included in the following technology panel sections.

6.1 Computational Modeling and Analysis

The program actively pursues research and development efforts in modeling and simulation to provide tools to
optimize device and component design decisions, inform prioritization efforts for device development, and inform
strategic planning for the program and its partners. Modeling tools and access to laboratory expertise may enable
developers to reduce their overall costs, reduce their design iterations, and gather information on optimal
configurations and locations for devices. Well-designed modeling tools can provide baseline information on
operation and installation costs and environmental impacts. These tools increase user and investor confidence by
providing an opportunity to simulate full deployment scenarios, estimate costs, and optimize reliability and
overall performance.

Table 6.1.1 lists the existing Computational Modeling and Analysis MHK projects that were reviewed during the
2014 Peer Review meeting. Figure 6.1.1 illustrates the standard deviation of scoring of the existing
Computational Modeling and Analysis MHK projects in relation to the scoring of all projects that were reviewed
in 2014.

Addressing Comments for Computational Modeling and Analysis

The MHK Peer Review Panelists recorded many useful and actionable comments during their review of the
Office’s Computational Modeling and Analysis projects. These comments will be used to make key decisions and
recommendations to those projects that will still be receiving continued funding into future fiscal years, and will
help guide Water Power Program decision making and strategy into the future.

The program recognizes the constructive feedback received regarding the multi-lab Reference Model project.

Reviewers addressed two primary concerns: namely, that these projects may not necessarily be of high value to
the MHK industry in its current state, and that the project itself has been time-consuming and costly.. The
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program has considers that the peer reviewer recommendations support the program strategy to not continue the
Reference Model project, and instead disseminate the results from completed reference models.

Peer reviewers also questioned the inherent value that other Computational Modeling and Analysis provided to
the industry at large. Reviewers made it known through their commentary on these projects that the Program’s
involvement in software tool development is of questionable value. The larger Wave Modeling Program has
already worked with industry to gather feedback on development through pre-releases of the code, and a
guestionnaire on value of possible additional features. In the future the program will participate in a larger DOE
initiative that will emphasize engaging industry in the earliest phases of a project through a merit review process.
This, along with DOE’s newly enacted Active Project Management process, will ensure that DOE projects
provide the most value possible to industry. Finally, the Program is also developing a Technology to Market
(T2M) Strategy that will assist with the technology transfer of completed or ongoing DOE-funded projects out to
industry.
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Table 6.1.1 Existing Computational Modeling and Analysis MHK projects
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Figure 6.1.1 Existing Computational Modeling and Analysis MHK projects
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Table 6.1.2 lists the new Computational Modeling and Analysis MHK projects that were reviewed during the
2014 Peer Review meeting. Figure 6.1.2 illustrates the standard deviation of scoring of the new Computational
Modeling and Analysis MHK projects in relation to the scoring of all projects reviewed in 2014.

Table 6.1.2 New Computational Modeling and Analysis MHK projects
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The bullets below are a compilation of comments made by individual panel members during the evaluation
of this project.

Question 1: Relevance to water industry needs and overall DOE objectives

This project earned a score of 3.3 for its Relevance to water industry needs and overall DOE objectives.

o Creating a Reference Model is a positive - particularly when standardizing methods to measure LCOE;
however, this project is focused on the application to academia until there is a practical application to support
it.

e Valuable project in theory, but lengthy development period has minimized value. The planned project
products would be helpful to MHK industry by providing open source methodology to assess technical and
economic viability of MHK technologies, saving significant annual license costs of proprietary software. But
the long development time (more than five years) has left gap for industry, driving up costs of development
for companies.
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This project has provided value to the MHK program by developing a set of reference models against which
the performance of developmental systems can be compared.

Emphasis on non-proprietary design is an excellent approach. Invites others to participate in the field and
bring their talents and ideas.

The concept of developing reference models to look at the impact of various aspects of the design and how
they contribute to LCOE makes sense and could be helpful in focusing areas where greatest cost
improvements are possible. The idea of a standardized method for determining LCOE is also useful, provided
it is not overly complex and can readily applied to multiple sites.

It was difficult to see how this is applied to getting steel in the water and how either a device developer or
project developer will use this model - a clearer discussion on what is the End Point would have been helpful.
Agree with DOE plan to taper off funding for reference models. Eventually, data from field measurement
studies may be used to refine the models, but this is relatively lower priority to more urgent needs of industry.
This project has developed an organized and structured methodology for calculating costs that will be useful
for industry to use in the future.

However it is not clear how useful the open source models will be to device or project developers, particularly
since many aspects of the design have been assumed or purposefully simplified and there are so many
variables on actual unit performance that cannot be determined from the model. Some actual operational
experience is needed to verify model assumptions.

Given the existence of proprietary software to accomplish these same project objectives, development of open
source software does not address a total barrier to industry development. In terms of funding priorities, this
project does not address an existential threat to industry development, but it is helpful to encourage greater
participation by many entrants.

This project has limited value in the near future. It should be kept going at a very low level and revisited at
the next Peer Review, or as data from in-water demonstrations are available for comparison to model
predictions.

Important to remember that every open source project has the strength of "floating all boats," including global
competitors to US industry, in contrast to targeted projects to advance specific technology and site
development in US.

Product evaluation will be vital to determining the true value of this product. Will it be used by the actual
designers of MHK devices? If designers eventually revert to proprietary software in order to access superior
features, DOE must re-evaluate the feasibility and value of this type of large project to develop open source
software for industry development.

Question 2: Methods and Approach to performing the research and development

This project was rated 3.0 on its methods/approach.
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While not needing to know the "nuts and bolts" of the methodology, the presentation was limited on
providing information on the approach.

Not clear from presentation whether the Project Design fully leveraged available international open source
resources to reduce costs of this project. Including the University of Cork as experimental test site is a
positive contribution to the project method and approach. But given the significantly more advanced state of
MHK industry in the EU nations, the long-time involvement of top European engineering universities, and
significant EU early funding, it logically seems that there should have been significant foundational EU work
that could have been incorporated into the design development phases of the project, thereby lowering the
cost and delivery time.

The approach of developing Reference Models based on simple and robust point designs for "typical” MHK
applications is a reasonable approach given the lack of domestic, non-proprietary information.

Program is well run.
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The concept is good but there are many variables that are difficult to account for. For example, so much of
the actual cost depends on the energy output and efficiency of the device as well as capacity factors on an
annual basis which are a function of both resource and unit availability.

Important that DOE assure that the researchers perform more than just a "literature search” to determine
existence of work. Using DOE's contacts, it is essential that the national labs reach out directly to the top EU
centers of excellence to investigate state of research (including ongoing research work not published and
invisible in literature search) to avoid duplication of efforts.

The Reference Models would probably have benefited from comparison to foreign MHK designs

Without actual information from real world experiences of operating devices there is no way to validate how
correct these numbers are.

The cost-estimation methodology requires validation by industry.

Question 3: Technical accomplishments and progress toward project and DOE goals

This project was rated 2.8 based on technical accomplishments and progress.

Difficult to determine how the end product that would benefit the MHK industry as a whole at this stage of
the industry development.

The open source model will be helpful for small, thinly funded companies and will be very helpful for the
academic centers training students.

The goals of the project were achieved, but only after substantial delays.

The breakdown of costs will be very helpful to others.

Key end products are standardized methodology for LCOE and point designs themselves including geometry.
This was over 2-3 million dollar effort and it is no clear exactly how useful this information will be to people
trying to put devices in the water. Usefulness remains to be seen.

Question 4: Project Management

This project was rated 2.2 on its project management.

A very large and complex project with a lot of moving parts.

This project, consuming more than 5 years and $2.5M, is not yet complete. DOE "lessons learned" may be
that greater value can be gained from more compressed project schedule.

Project was substantially delayed.

Well-coordinated with other labs.

Project is nearly complete after multiple years and | am not familiar with original scope, schedule or budget
so it is difficult to say how well it was managed. The fact that it is nearly complete is a positive but it seems
like a considerable amount of money has been spent to only have some CAD drawings and excel sheets as
key products.

Not clear that all international sources were fully leveraged as foundational knowledge, perhaps leading to
duplication of effort in developing reference models and sites, as well as methodology to assess technical and
economic viability of MHK technologies.

The roles of the collaborators appear to not have been well defined in the baseline as evidenced by the
statement "Changing collaborator role delayed coordination in project completion”.

Question 5: Research Integration, Collaboration, and Technology Transfer

This project was rated 3.1 for research integration, collaboration, and technology transfer.
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A good mix of lab and academic members; although more industry involvement is needed (I'm assuming this
is a problem because of Intel. Property).

Helpful to involve the different National Labs with relevant expertise, but need to coordinate project
implementation more closely to avoid delays. Strong marks for including the University of Cork in
experimental testing of RM6.

There appears to have been no collaboration with system developers either domestic or foreign

Good collaboration with other labs and industry.

Almost all laboratory and academic participation with no apparent developer input. Would have been good to
see development community validating at least some of the inputs and outputs.

Not clear that international learning from first-in-field countries was fully leveraged in design development
phases of the project.

Good efforts to collaborate between laboratories, universities, and Re-Vision, but would have benefited from
more firmly developed statements of work.

Some validation against actual experiences of operating devices in other parts of the world would also be
useful.

Technology transfer has not yet fully been performed, but is likely to benefit industry as the methodology is
tried and validated.

Researchers have presented results at technical conferences in Denmark and are now planning to go to
technical conferences in Japan and Australia in 2014 - these are naval hydrodynamics and wave conferences
that are unlikely to be attended by US development industry. How does this help US development industry?

I suggest that this information should be presented in a workshop format to developers at some easily
accessible location in the United States.

Question 6: Proposed Future Research

This project was rated 2.2 for proposed future research.

This is an expensive effort (over $2 million dollars) and it is no clear exactly how useful this model is as there
is no "steel in the water" to verify it.

Taper off funding and close with RM6 conceptual design and assessment methodology.

There seems to be very little benefit to any near-term efforts other than to transfer the methodology to
industry.

Maintenance of web site as a data clearing house is would be useful tool for researchers and developers.
Proposed future research looks like it is just completing 2014 studies.

When relevant data from industry becomes available, the reference models should be revisited and be updated
There was mention of advanced controls being next step.

Strengths and Weaknesses

Project Strengths
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Although not an expert in this field, I can certainly see the benefits these RM's will provide this industry in
the long-term.

The project provided the Labs with a valuable learning experience that would not have otherwise been
available.

Open source software is a positive goal and will encourage other to continue work.

Discussed in comments above.

The project produced a tool that will hopefully be usable to DOE and industry.
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Project Weaknesses

This is a general comment for the project as a whole - not Dr. Neary's individual presentation - | believe there
will be difficulties getting a device "off the shelf" for field testing (regardless of which RM is being tested)
and results published in a public forum because of the issue of intellectual property.

This project provides important experience for DOE in MHK sector on management of long term, large
contracts with multiple national labs. The lessons learned on actual performance of specific labs, and on the
cause and cures of project delays and increased expenses will be very valuable as new projects are
undertaken.

The project team suffered from a lack of focus.

Discussed in comments above.

This is not my area of expertise and | do not have a strong understanding of what it would entail; however, the
limited types of technologies demonstrated in the presentations would seem to preclude a number of devices
already in the water from using this reference model.

Specific recommendations for additions or deletions to the work scope
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Suggest "shelving"” work on the RM's until there is "steel in the water". Once active projects are progressing,
and then start the development of these models again so they can then be field tested.

Project presentation indicated that the key objective and success of the project was that the nonproprietary
software systems are currently being used by academic centers. DOE should require that the project
managers monitor and report to DOE on actual website traffic data and to actively seek feedback on the
consumer experience with the product in various applications to gain insights into how well the software
meets the public's needs. This will be important for project design on future conceptual design work.
Recommend that the methodology for cost estimation be rolled out to industry for evaluation and possibly
used for future FOAs.

I realize there was not enough time in this presentation, but a "workshop" type presentation that showed how
someone would use this would be helpful.

Developing open source models can be useful to the industry but they need to be designed with the end user
in mind and need to help clear specific hurdles.

Instead of presenting this model at overseas academic conferences, focus on getting this effort into the hands
of US developers.

Very important that the DOE team give a forensic review to this project structure and implementation and
capture the lessons learned going forward for future large project design involving national labs and
collaborative teams. Candid sharing of the lessons learned by DOE with partners at the national labs and
other academic centers is important to the strengthening of the MHK research cluster.

Recommend that the program be substantially cut back to a very low level of support and revisited at the next
Peer Review, or as data from in-water demonstrations are available for comparison to model predictions

Wrap up reference model work by getting it to a stage where the models can be used by industry and graduate
students. These follow-on efforts will more than likely lead to incremental improvements in the models. In
this manner, DoE will have made a great contribution to the MHK industry.

I would recommend that more active (i.e., being a partner on this project) role by device developers would
strengthen the development of these models.
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The bullets below are a compilation of comments made by individual panel members during the evaluation
of this project.

Question 1: Relevance to water industry needs and overall DOE objectives

This project earned a score of 3.6 for its Relevance to water industry needs and overall DOE objectives.
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Long-term, RM's such as these would benefit the MHK industry, but without devices in the water, these
models cannot be "field tested"; therefore, it is hard to see how these conceptual designs are (currently)

advancing the industry.

Dr. Thresher's presentations were excellent, and helped the panel better understand the Reference Model
Project and its value to the industry. These comments apply to the NREL contributions on development of
the technology assessment methodology addressed by Dr. Thresher's presentation, as distinguished from the
overall project comments provided under the worksheet on the Sandia National Lab overall project

presentation (Dr. Neary).
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This project has provided value to the MHK program by developing reference models for Tidal-current
Turbines (RM1), Point Absorbers (RM3), Ocean Current Turbines (RM4) and Surge-pitch WECs. These
models can be compared to the performance of developmental systems as data becomes available.

Emphasis on non-proprietary design is an excellent approach. Invites others to participate in the field and
bring their talents and ideas.

Conceptual designs of devices that have already been designed to final levels by others seems redundant and
it is not clear if these conceptual designs advance the current state of the industry or are useful to developers
with devices in the water.

Dr. Thresher's point that the open-source reference technologies have already identified the key technical
hurdles and cost-drivers as Manufacturing and O&M costs confirms the learning of MHK device developers,
and provides important guidance for future DOE future budget planning.

This project has provided LCOE analysis for RM5 and for Ocean-wave conversion (RM6) as well as
supporting the organized and structured methodology for calculating life-cycle costs. This will be useful for
industry to use in the future.

See comments on previous presentation all related but if so much of actual costs and operational outputs etc.
are assumed and not validated how reliable is it?

Dr. Thresher's point that tidal power technology is significantly more advanced, and close to full
commercialization, than Wave Energy Converter development is essential. Tidal power represents the ability
of US industry to leverage Wind Industry R&D and commercialization lessons. Tidal power clearly
represents the most near-to-market commercialization scenario for MHK, and likely offers the most
economical industry scale-up pathway, as the lessons learned from tidal can be folded into wave development.
This project has limited value in the near future. It should be kept going at a very low level and revisited at
the next Peer Review, or as data from in-water demonstrations are available for comparison to model
predictions.

A key finding presented at the session was that higher MW output covers fixed costs better. Wasn't this a
pretty clear fact at the outset? This is why the offshore wind industry is moving to bigger and bigger turbines
as they get into deeper and deeper water where the fixed costs of deployment are higher.

Question 2: Methods and Approach to performing the research and development

This project was rated 3.2 on its methods/approach.

There is no developer input into these models - as the end user, wouldn't their input be essential?

The approach of developing Reference Models based on simple and robust point designs for "typical" MHK
applications is a reasonable approach given the lack of domestic, non-proprietary information.

Program is well run.

It seems that the labs involved could have reached out to developers in the US and abroad to understand their
experiences and try to leverage that.

The Reference Models, however, would probably have benefited from comparison to foreign MHK designs.
The cost-estimation methodology requires validation by industry.

Question 3: Technical accomplishments and progress toward project and DOE goals

This project was rated 3.2 based on technical accomplishments and progress.
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For the amount of money and personal effort put into developing these RM's, it was hard to determine what
the deliverables are.

NREL appears to have accomplished all of its work without the delays noted for SNL.

The breakdown of costs will be very helpful to others.
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Conceptual designs and spreadsheets can be produced cheaply and easily - those seem to be the only products.

Question 4: Project Management

This project was rated 2.6 on its project management.

A LOT of money ($2+ million for the whole RM project) has been invested in this project with very little to
show, namely conceptual designs.

NREL identifies similar difficulties with distracting efforts to those reported by SNL, but without the delays
incurred at SNL.

Well-coordinated with other labs.

The project started in 2010 but budget only shown for '12-14 and that is almost 2 million dollars. So this
project has been going for 4 years and has maybe cost 4 million? End result is conceptual designs - our
company has designed entire hydroelectric power plants - civil, structural, electrical, and mechanical for much
less money and much less time.

Question 5: Research Integration, Collaboration, and Technology Transfer

This project was rated 2.8 for research integration, collaboration, and technology transfer.

A very good mix of staff from the national labs; however, there is a lack of device developer input.

There appears to have been no collaboration with system developers either domestic or foreign

Good collaboration with other labs and industry.

Presenting findings at technical polar and arctic engineering conferences in the Netherlands and in Maui -
these are not conferences that many US developers can afford to attend. If these reference models and life-
cycle cost analyses are intended to benefit US developers they should be more directly presented to US
developers perhaps at a workshop in a more easily accessible location.

Good efforts to collaborate between laboratories, universities, and Re-Vision, but would have benefited from
more firmly developed statements of work.

Technology transfer has not yet fully been performed, but is likely to benefit industry as the methodology is
tried and validated.

Question 6: Proposed Future Research

This project was rated 1.5 for proposed future research.
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No future research has been proposed.

NREL states that there is no future work, but this is not entirely consistent with the SNL presentation

None suggested.

Without operational experience from actual devices to validate models it is not worth further work on models.
I believe they should be put on a shelf and revived in the future if it makes sense.

There seems to be very little benefit to any near-term efforts other than to transfer the methodology to
industry.

When relevant data from industry becomes available, the reference models should be revisited and be
updated.
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Strengths and Weaknesses

Project Strengths
e See comments on WHP140001.
e The project provided the Labs with a valuable learning experience that would not have otherwise been

available.
Open source software is a positive goal and will encourage other to continue work.
The project produced a tool that will hopefully be usable to DOE and industry.

Project Weaknesses

See comments on WHP140001.
No obvious weakness for NREL work.

Specific recommendations for additions or deletions to the work scope
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See comments on WHP140001.

The near-to-market commercialization status of tidal power technology suggests that DOE should reconsider
funding emphasis for wave technology development, and instead offer parity funding to tidal and wave power
technology. The quickest path forward for MHK sector development overall is to finish the mission on the
nearest to market technology and secure successful deployment of that technology within the US and
globally. Demonstrate success with your most viable product. If DOE commits to completion of tidal power
commercialization ASAP, it will not only have a success story for the MHK sector, but it will also generate
very valuable cost reduction lessons learned for wave technologies on Manufacturing, O&M, and supply
chain development.

Recommend that the methodology for cost estimation be rolled out to industry for evaluation and possibly
used for future FOAs.

Wrap up reference model work by getting it to a stage where the models can be used by industry and graduate
students. These follow-on efforts will more than likely lead to incremental improvements in the models. In
this manner, DoE will have made a great contribution to the MHK industry.

Important to encourage NREL to obtain actual consumer information on application of the technology
assessment methodology, so that the real value of the technology to the industry can be assessed, and the
technology can be refreshed if valuable to the industry in the future.

Recommend that the program be substantially cut back to a very low level of support and revisited at the next
Peer Review, or as data from in-water demonstrations are available for comparison to model predictions.
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The bullets below are a compilation of comments made by individual panel members during the evaluation
of this project.

Question 1: Relevance to water industry needs and overall DOE objectives

This project earned a score of 3.5 for its Relevance to water industry needs and overall DOE objectives.

o It will help in the long term to have a "road map" for the permitting environment, but it was difficult to
understand how this is not a repeat of what is currently being done by the private industry supporting a device
deployment.

e Comments on architecture of overall project are included in worksheet on Dr. Neary presentation. Comments
on the specific component of environmental permitting component of the project are included here.

o As part of the Reference Model effort, PNNL has studied the impact of environmental siting & permitting on
LCOE. This will provide valuable insights for industry as evidenced by issues noted in virtually all in-water
demonstrations.
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Anticipating the environmental impacts of the reference models will be extremely helpful to the MHK
industry.

See previous comments on reference models. Device specific estimates of environmental permitting costs
based on models are of questionable value. Permitting costs will largely be driven by site location and proper
siting will always be the best way to reduce cost of environmental permitting and studies.

The feasibility and accuracy of this model remain to be determined, given the significant variation in
environmental and permitting costs for projects, even those with the same permit requirements.

PNNL provided feedback to the rest of the Reference-model team, but the details of how RM5 were revised is
not stated.

Permitting costs can also be expected to change over time with a larger cost for the first devices and arrays
that are installed and hopefully lower costs in the future as issues are understood and either dismissed or
properly avoided or mitigated.

Question 2: Methods and Approach to performing the research and development

This project was rated 3.5 on its methods/approach.

A positive step is involving the regulatory agencies (I like this methodology). NMFS was mentioned,
however, | would recommend involvement of the USACE as well in future dialogue.

Good those researchers consulted with federal environmental regulators to ensure that federal regulatory
requirements would be accurately represented. But lack of state regulatory outreach is a weakness. Not clear
how the variable state environmental requirements and permitting costs can effectively be projected in the
model.

The "Technical Approach” that is defined on Page 4 of the presentation is reasonable.

Program is well run.

Though | don't agree with the objective, their approach to trying to complete it seems sound.

Inclusion of "MHK practitioners™ and "regulatory agencies" in Peer Reviews is particularly valuable.

Question 3: Technical accomplishments and progress toward project and DOE goals

This project was rated 3.0 based on technical accomplishments and progress.

Work completed and results input into larger RM's.

The accomplishments listed on Page 5 represent important work.

Consideration of environmental effects will be very helpful to others.

They completed scope and contributed to model development.

While the accomplishments were good, the milestone schedule on Page 6 indicates that all tasks were
delayed; some only briefly, but many for a full quarter.

Question 4: Project Management

This project was rated 2.8 on its project management.
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Little focus during the presentation on PM approach - appeared this role was overseen by V. Neary (see
WHP140001).

Failure to consult state regulators is a real weakness in the project design and management.

PNNL describes delays as "waiting for information from engineering teams...” This seems consistent with
the SNL presentation.

Well-coordinated with other labs.
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Seems like was work was accomplished for a reasonable cost compared to other aspects of the modeling
effort.

Question 5: Research Integration, Collaboration, and Technology Transfer

This project was rated 3.2 for research integration, collaboration, and technology transfer.

There appeared to be limited industry partnership (H.T.Harvey); a significant role lead by PNNL and other
labs. This may have limited the expertise on the regulatory side.

Helpful that the researchers reached out to federal regulators and developers, but experience teaches that state
regulators can have a significantly different perspective and information requirements in environmental
permitting scenarios. The complexity on a state-by-state basis likely outstrips the capacity of the model to
accurately reflect permitting costs.

The entities listed on Page 8 are all important collaborators.

Collaboration is excellent. Worked with regulators and engineering team.

Results were peer reviewed and presented to industry at GMREC '12.

It was difficult to determine how the team reached out to the regulators and which agencies were contacted.
The core value of the project may have been to work with federal regulators to understand the effect of
monitoring requests and baseline assessments on project costs, but this value will be lost as regulatory
personnel change. The planned regulatory training of MHK regulators will be helpful follow-on to this
project.

The lack of Industry representation (MHK Practitioners) on Page 8 is worrisome and is not consistent with
Page 4.

Held webinars and meetings.

The lack of specificity on "regulatory agencies" on Page 8 is also worrisome, but may simply be an oversight
in the presentation.

Question 6: Proposed Future Research

This project was rated 2.7 for proposed future research.
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Uncertain how futures would contribute to reducing permitting costs from a developer perspective.

As noted in general project notes, researchers should track actual use of site and actively survey MHK device
developers to determine the actual level of use and the public's perception of the utility and value of product.
This information is critical to understanding whether this type of reference model project has any future
utility.

Slide 9 states that this effort is proposed to be completed in FY14. Since all of the industry participants seem
to have had delays due to regulatory issues, there might be benefit to allowing this task to continue on a low
level as proposed.

I did not understand their proposed future research.

Not clear what would be done or how this effort could reduce permitting costs.

Consider carefully whether the costs of completing the RMs 5 and 6 are justified by consumer reviews on
environmental components of the product already produced on RMs 1 through 4.

In the future, if a reference model project is proposed, USDOE should consider alternatives to National Lab
large project, long term budget. Such alternatives might include atomization of the software development as
in recent USDOE initiatives, or competitive procurement to design the reference model and software.

USDOE should challenge the environmental team to evaluate whether the research supports a finding that a
standard set of terms and conditions could be developed for endorsement by all federal agencies for pilot
projects as a "permit by rule" approach to FERC pilot projects and USDOE NEPA internal reviews. The
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approach would streamline the costs and assure best practices (value of information, manner of gathering,
reporting, etc.) in information requirements to standardize and streamline costs for both regulator and
regulated communities. This is alluded to in the Next Steps portion of the presentation.

Strengths and Weaknesses

Project Strengths

The careful study undertaken of the various information collection requirements for environmental permitting
could serve as the basis for a Permit by Rule approach initiative within federal government for pilot projects,
whereby all the federal agencies agree on a standard set of information requirements that should be sufficient
for the light footprint of a pilot project. This would make a great contribution to reduction of barriers to
MHK development and advance the industry.

PNNL is studying an important issue for MHK, the cost and schedule impact of environmental siting and
permitting.

Collaboration with others is excellent.

Project Weaknesses

It was hard to understand how the findings from this effort are incorporated into the RM's. This is a very
qualitative and subjective topic, while the other portions of the RM's are very quantitative and precise.

The great diversity in federal and state requirements for baseline assessments, post-installation monitoring,
project documentation and other environmental planning and compliance requirements will likely defeat any
reference model attempt to capture and calculate environmental "soft" cost contribution to LCOE.

It is unclear that Industry has been adequately represented in this study.

Specific recommendations for additions or deletions to the work scope
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As noted above, follow on monitoring of actual use of the product and outreach to MHK developer user
community to obtain consumer feedback on product will be instructive for future planning of similar projects
or any work to validate this model.

This is an aspect of CMA that should be continued at a low level of support as it is likely to provide guidance
to industry.

Wrap up reference model work by getting it to a stage where the models can be used by industry and graduate
students. These follow-on efforts will more than likely lead to incremental improvements in the models. In
this manner, DoE will have made a great contribution to the MHK industry.

USDOE should carefully examine whether the project data could support a cross agency initiative to simply
and expedite pilot project development through a standard permit by rule process with standardized best
practices requirements.

Industry MUST be more tightly integrated into this effort.
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W H P l 4000 4 Wave Energy Converter Modeling

Michael Lawson, National Renewable Energy Laboratory
WHP140004
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The bullets below are a compilation of comments made by individual panel members during the evaluation
of this project.

Question 1: Relevance to water industry needs and overall DOE objectives

This project earned a score of 3.5 for its Relevance to water industry needs and overall DOE objectives.

e Positive: Providing open source models to developers is a very good approach. | would assume late stage
developers (TRL 6+) would be able to use some of this conceptual information already.

e Helpful to have open software product to model WEC devices, and allow access to under-funded potential
designers and developers. Written presentation was not clear whether the existing proprietary software is so
expensive as to create a true barrier to design of reliable and cost-competitive WEC device. Response to
follow up question provided an estimate of $40,000 a year for the proprietary software of choice, which tends
to confirm the usefulness of the product, but the open source product benefits the global industry, not just the
US industry. A business case statement evaluation should be required on the existing options before any
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decision to proceed with this type of open source project in future, including options to creatively engage the
companies that have invested in proprietary software.

The project develops open-source software to assess the performance of WEC devices under operational and
extreme conditions.

Open-source tools will be of great benefit to field.

Concept of providing open source models to developers and others sounds reasonable but it's not clear how
helpful this will be to developers who are still struggling with improving the technology of their devices and
proving that they won't have environmental effects.

Negative: It is not clear how this will help early stage developers (TRL 1-5).

Big ticket project; value of the product to MHK industry development must be evaluated in terms of public
receptivity to product.B40.

There is probably some value to DOE in having a resource (NREL) that is able to make independent
assessments of industrial claims, it seems likely that Industry is already making these calculations as a part of
"good design practices" using whatever in-house or commercial tools suit the needs of the developer. In other
words, the value of this effort to Industry is questionable.

Simulation capability will improve estimates of how much energy can be produced by wave energy
converters. This will lead to more realistic expectations.

Models are being run with reference models that have not been validated by actual operating machines.
Modeling extreme conditions will be very useful. A major drawback to ocean energy is the uncertainty of
whether the devices can survive hurricanes and other extreme ocean storms.

There appears to be no interaction with industry to determine if this will meet their needs or even if they have
this need.

Question 2: Methods and Approach to performing the research and development

This project was rated 3.2 on its methods/approach.
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Positive: Using information developed in other industries (oil & gas) to help build the model

Presentation did not document how the labs accessed prior research and learning by other labs, including
ongoing research that may not be reflected in a published literature search, especially on WEC extreme events
modeling.

NREL applies complex numerical analysis tools early on in the design process. Unfortunately this is the
direction that the general practice of engineering seems to be taking, even when a relatively simple analysis
based on first principles is adequate.

Code competition is a great idea.

Not sure if this is correct but in reading information and hearing presentation | believe the government labs
are buying commercially produced codes and trying to come up with ways to duplicate them and make them
publically available, and are using the commercial codes to validate their work. Seems like this should be
looked at closely by some patent attorneys as | would think the commercial code developers would not view
this favorably.

Negative: As | understand it, the governments labs are buying publicly produced codes and then duplicate
them. These duplicates will then be publically available. Are the commercial code developers ok with this?
Code development included encouraging use of atomized approach and use of code competitions as
innovative approaches to tap existing code expertise.

There does not appear to be any interaction with industry to determine if this is useful. The length of time it
will take may make it less useful to developers who are trying to put devices in the water now.

Negative: There appears to be no device developer input, but they are the end user.
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Purpose is to save developers money from having to purchase rights to use code or pay someone else to do
analysis. What if instead of this DOE set up a fund to help developers pay for code, provided free consulting
to developers using commercial codes, and/or funded fellowships, post docs to work with developers?

Question 3: Technical accomplishments and progress toward project and DOE goals

This project was rated 3.4 based on technical accomplishments and progress.

Similar to the RM’s, it is hard for me to understand what the products are from the efforts to date.
NREL has completed in-house code development and demonstrated it for an RM5 pitching WEC
Code-to-Code comparison is a good idea.

For the money spent this doesn't seem like much.

Question 4: Project Management

This project was rated 3.1 on its project management.

Will this project really be completed within the project timeline? | find it hard to believe.

NREL's part of the effort appears to be on schedule and (possibly) underspent. Care should be taken to assure
that future efforts be reviewed with an eye toward possible cost recovery by DOE

Good coordination between the two labs.

Have spent over 2.5 million so far with more costs anticipated? Tough to understand budget but important to
compare value if it is primarily to save developers from buying a 40K license to use commercial software.
Developers will still need to hire someone to run the models which are a big part of their cost.

Hard to determine what exactly was the budget for this portion of the greater budget.

As with most of the budget slides, it is difficult to make an assessment, but the FY14 budget estimate seems
high for the potential contribution of this effort. Based on the wrap-up, the distinction between costs and
allocated funding is often difficult to see.

Supposed to be complete in 2014 but it doesn't seem like it will be.

NREL has accomplished its milestones on time and in one case a full quarter early, if | read the 8th line on
Page 4 correctly.

Question 5: Research Integration, Collaboration, and Technology Transfer

This project was rated 2.8 for research integration, collaboration, and technology transfer.
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No input from industry who would ultimately be the end user.

Strong inter-lab research coordination and strong communications and technology transfer effort documented
in presentation.

NREL/SNL collaboration seems reasonable.

Good coordination between the two labs.

No interaction with industry who this is supposed to be benefitting.

Distribution of WEC-SIM through github and listed webpages will be helpful, and USDOE should work with
SNL to refine the planned WEC-SIM user outreach and training planned for WEC developers and research
institutions to assure that the product end user support is adequate.

No collaboration with Industry partners is noted other than papers, presentations, and workshops. Industrial
partners are likely to provide the best guidance on the value of open-source tools versus COTS and in-house
methods.
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Question 6: Proposed Future Research

This project was rated 2.7 for proposed future research.

What is the difference between the proposed SOW of this project and what was presented "evaluate the
pros/cons of moving to a fully open-source code"? Wasn't this the intent of this study?

USDOE should request that the grant recipients gather end user review of the product so that USDOE can
evaluate the utility of the product, and whether it meets MHK developer needs, or whether they revert to
proprietary software. The product should be useful for academic teaching applications in any event.

In the near term, there seems to be limited value for pursuing this effort beyond what is already funded for
FY14. The funds would be better spent on efforts that will assist in "getting steel in the water."

Lab test validation is a great idea and is essential. Then follow on to field validation.

Presentation says "Evaluate the pros/cons of moving to a fully open-source code™ will be a future research
need. I thought that was the original intent of this project.

Any future research should be carefully coordinated with USN, NOAA, and USACE as well as other
academic centers which have extensive learning on the Extreme Event modeling topics.

Extreme events modeling would provide valuable information to the MHK field.

Strengths and Weaknesses

Project Strengths

If the business case has been made of the need for open source software, and if the product is evaluated as
useful by the public, these would be the project strengths. Enabling universal access to design tools is
strength.

There is clear precedent for Government to develop open-source software for analyzing important problems
when Industry didn't see the need to do it.

Planned wave tank validation.

Atomization approach is innovative approach to project and provides helpful learning for future coding
projects.

Project Weaknesses

Non-open-source, but validated, software already exists and can be used by skilled practitioners to make
reliable calculations. While this software is widely perceived to be expensive, it is far from certain that there
will be an acceptable return on the Government's investment in creating open-source versions.

Specific recommendations for additions or deletions to the work scope
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Extreme Events modeling component should include a FY14 milestone to include outreach to federal and
academic centers of excellence in the field to assure that current research at those institutions is fully
leveraged (not just published literature review of past research).

I would recommend that the scope of WEC-Sim be either substantially reduced or eliminated in favor of
efforts that are directed more directly to "getting steel in the water."

Continue.

Consider a peer review of the product before launch.

Require the labs to include public feedback loop in the open source publication space so that users can
comment on the strengths and weaknesses of the product, and product can be updated if useful.
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W H P l 4000 5 Wave Energy Converter Modeling
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The bullets below are a compilation of comments made by individual panel members during the evaluation
of this project.

Question 1: Relevance to water industry needs and overall DOE objectives

This project earned a score of 3.9 for its Relevance to water industry needs and overall DOE objectives.

o See WHP14004 comments - very similar project in both concept and approach.

o Excellent presentation with clear explanation of the rationale for the project design to include TopCoder
community.

e The project addresses the performance of Point Absorber WEC devices under operational and extreme
conditions and is developing open-source tools & techniques to do that.

e Open-source tools will be of great benefit to field.

e Concept of providing open source models to developers and others sounds reasonable but it's not clear how
helpful this will be to developers who are still struggling with improving the technology of their devices and
proving that they won't have environmental effects. Will it be done in time to help them?
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Innovative approach to include GitHub and Top Coder communities as innovative resources to accelerate
MHK tools and industry development.

While there is probably value to DOE in having a resource (NREL) that is able to make independent
assessments of industrial claims, it seems likely that Industry is already making these calculations as a part of
""good design practices” using whatever in-house or commercial tools suit the needs of the developer. In other
words, the value of this effort to Industry is questionable.

Simulation capability will improve estimates of how much energy can be produced by wave energy
converters. This will lead to more realistic expectations.

Models are being run with reference models that have not been validated by actual operating machines.

This is some of the most innovative, exciting work by the young members of the USDOE and federal
laboratory teams to leverage innovation resources to accelerate development.

Modeling extreme conditions will be very useful. A major drawback to ocean energy is the uncertainty of
whether the devices can survive hurricanes and other extreme ocean storms.

There appears to be no interaction with industry to determine if this will meet their needs or even if they have
this need.

These comments go to the execution of this component of the WEC modeling project - an excellent and
creative project design and execution, which will build the community of contributors to MHK tools and
industry development - the overall project need and design is addressed in the framework presentation review
above.

Comments on this are same as previous since information provided for both was the same.

Question 2: Methods and Approach to performing the research and development

This project was rated 3.6 on its methods/approach.

See WHP14004 comments - very similar project in both concept and approach.

Excellent project design; going forward it will be important to capture the learning of the other academic and
federal centers of learning on the substantive learning, and any applications of prior code products in the
context of Extreme Events Modeling.

SNL applies complex numerical analysis tools early on in the design process. Unfortunately, this is the
direction that the general practice of engineering seems to be taking even when a relatively simple analysis
based on first principles is adequate.

Code competition is a great idea.

Not sure if this is correct but in reading information and hearing presentation | believe the government labs
are buying commercially produced codes and trying to come up with ways to duplicate them and make them
publically available, and are using the commercial codes to validate their work. Seems like this should be
looked at closely by some patent attorneys as | would think the commercial code developers would not view
this favorably.

There does not appear to be any interaction with industry to determine if this is useful. The length of time it
will take may make it less useful to developers who are trying to put devices in the water now.

Purpose is to save developers money from having to purchase rights to use code or pay someone else to do
analysis. What if instead of this DOE set up a fund to help developers pay for code, provided free consulting
to developers using commercial codes, and/or funded fellowships, post docs to work with developers?

Question 3: Technical accomplishments and progress toward project and DOE goals

This project was rated 3.4 based on technical accomplishments and progress.

49

See WHP14004 comments - very similar project in both concept and approach.
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It will be important for USDOE to assure that the publication of the product on Github and other sites capture
public feedback to assess product utility for MHK industry.

SNL has achieved good agreement between 1 DOF results from WEC-Sim and three commercial codes.
They have also produced 3D results that agree well with one of the three commercial codes and which are not
easily extracted from the other two.

Code-to-Code comparison is a good idea.

Appears to be a lot left to do to accomplish original objectives.

Question 4: Project Management

This project was rated 3.3 on its project management.

See WHP14004 comments - very similar project in both concept and approach.

SNL states that "All WEC modeling tasks are currently on schedule”, but doesn't provide an individual
schedule.

Good coordination between the two labs.

Have spent over 2.5 million so far with more costs anticipated? Tough to understand budget but important to
compare value if it is primarily to save developers from buying a 40K license to use commercial software.

As with most of the budget slides, it is difficult to make an assessment, but the FY14 budget estimate seems
high for the potential contribution of this effort. Based on the wrap-up, the distinction between costs and
allocated funding is often difficult to see.

Supposed to be complete in 2014 but it doesn't seem like it will be.

Question 5: Research Integration, Collaboration, and Technology Transfer

This project was rated 2.6 for research integration, collaboration, and technology transfer.

No active private industry partnership.

Good progress, but USDOE should assure Extreme Events Modeling fully leverages existing federal agency
and academic center knowledge and current research. More outreach is needed than Literature Review -
active outreach to USN, USACE and NOAA is vital.

NREL/SNL collaboration seems reasonable.

Good coordination between the two labs.

No real interaction with industry.

Workshops will be vital to support end user access to product. Consider evergreen workshop presentation for
end user access, such as YouTube or other platform.

No collaboration with Industry partners is noted other than papers, presentations, and workshops. Industrial
partners are likely to provide the best guidance on the value of open-source tools versus COTS and in-house
methods.

Question 6: Proposed Future Research

This project was rated 2.8 for proposed future research.
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See WHP14004 comments - very similar project in both concept and approach.

Completion of this component for the Extreme Event Modeling is high priority, in order to capture the value
of work to date.

In the near term, there seems to be limited value for pursuing this effort beyond what is already funded for
FY14. The funds would be better spent on efforts that will assist in "getting steel in the water."
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e Lab test validation is a great idea and is essential. Then follow-on to field validation.
e Presentation says "Evaluate the pros/cons of moving to a fully open-source code" will be a future research

need. | thought that was the original intent of this project.
Extreme events modeling would provide valuable information to the MHK field.

Strengths and Weaknesses

Project Strengths

Looking to incorporate a cross-culture of experts during the workshops.

There is clear precedent for Government to develop open-source software for analyzing important problems
when Industry didn't see the need to do it.

Planned wave tank validation.

Project Weaknesses

Not clear that other federal and academic centers of excellence in Operational and Extreme Event modeling
have been fully tapped and active outreach to coordinate is needed.

Non-open-source, but validated, software already exists and can be used by skilled practitioners to make
reliable calculations. While this software is widely perceived to be expensive, it is far from certain that there
will be an acceptable return on the Government's investment in creating open-source versions.

Specific recommendations for additions or deletions to the work scope
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Consider expert independent peer review evaluation of product prior to live publication on GitHub.

I would recommend that the scope of WEC-Sim be either substantially reduced or eliminated in favor of
efforts that are directed more directly to "getting steel in the water."

Continue.

Assure portal for public feedback on product.
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The bullets below are a compilation of comments made by individual panel members during the evaluation
of this project.

Question 1: Relevance to water industry needs and overall DOE objectives

This project earned a score of 3.5 for its Relevance to water industry needs and overall DOE objectives.

e As noted in Review of Ruehl presentation, the TopCoder component of the project is an outstanding
innovation in USDOE Water Power Program project design and management, allowing USDOE to better
leverage existing expert resources in the coding community.

e This project seeks to provide an open-source Boundary Element Method (BEM) module for WEC-Sim based
on contests between "Top Code Competitors.” This module is identified as the most expensive portion of
WEC-Sim, but COTS modules exist. It is unclear that this is a productive effort.

e Interesting concept. If successful, results will be very useful.

e See comments on the other aspects of the WEC modeling.
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Encourage follow up presentation in next review round with evaluation of the strengths and weaknesses of the
TopCoder component in retrospect at conclusion of the WEC modeling project. Current presentation of the
project indicates that this was a strong upgrade, allowing USDOE to access public and private expertise
quickly and economically.

An offshoot of modeling program - but that program cost has been over 3 million? And now is going out to
the coding community to try and solve code issues through a competition and finding NEMO - a model that
was previously developed and may supply some of the required info.

Question 2: Methods and Approach to performing the research and development

This project was rated 3.5 on its methods/approach.

Careful evaluation of the pilot project should be encouraged by project participants and USDOE staff with
sharing of lessons learned to enable other USDOE projects to adopt the atomization and TopCoder approach,
as well as other avenues to tap the "Cognitive Surplus" in MHK and other disciplines.

This approach is certainly unique, but it is too early to say how effective it is.

Very innovative.

Seems like an interesting way to try and find a solution but with all the great mathematical minds and
supercomputing ability of the national labs available to do this why go out to basement computer
programmers?

Question 3: Technical accomplishments and progress toward project and DOE goals

This project was rated 3.2 based on technical accomplishments and progress.

Found a model that may (or may not) work.

There doesn't appear to be a great deal of progress.

Good response from the non-MHK community.

Primary accomplishment so far is finding Nemo which may or may not be useful to the work.

The presentation states "87 participants new to WEC have learned about the technology and library". This
statement is highly misleading because only7 of the participants attempted an implementation. This implies
that the remaining 80 were not qualified.

Schedule issues addressed under Q4.

Question 4: Project Management

This project was rated 3.2 on its project management.
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Hard to follow what the exact budget for this effort was and if the project was managed on time and within
budget.

USDOE's staff did excellent work in reaching out to the TopCoder and GitHub resources. This is best in class
thinking and innovation to leverage limited federal resources for a top quality product.

Presentation states "On time for Milestone 1 (Mesh Generator)", but the schedule shows a slip of a full quarter
from the original plan.

Well executed project.

Very little budget info provided - only in presentation as no project summary was provided and from the slide
it looks like they will be under budget but it was not clear.

Presentation states "Milestone 2 on-time (but untested)”. This statement is meaningless unless it is clear if
Testing should have been part of Milestone 2.
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Question 5: Research Integration, Collaboration, and Technology Transfer

This project was rated 3.4 for research integration, collaboration, and technology transfer.

Everyone from national lab experts to basement modelers are working on this. Not sure if this is a good thing
or bad.

This project seems reasonably integrated into the overall development of WEC-Sim

Collaborative project.

Some prestigious names attached to the effort (Harvard, NASA) but not much clear involvement from these
groups and outreach is primarily to a largely anonymous group hoping they will supply answers instead of
dissemination of results to others.

Collaboration with "87 participants” is misleading. Most appear unqualified based on only 7 submitting.

As with the rest of the WEC-Sim effort, there is no collaboration with Industrial partners, who are listed as
the ultimate users of the product.

Question 6: Proposed Future Research

This project was rated 3.1 for proposed future research.

More competitions planned or is the Pl planning to review and refine the information already gathered?
Careful evaluation of the strengths and weaknesses of this project is important to capture lessons learned and
assure that the most effective possible use is made of the TopCoder project model in future projects.

Several discrepancies noted between Project Plan and future Research. Some items shown as complete are
included in Future Work.

Some additional competitions planned?

Some Future Research items are not identified on the Scope Statement.

In the near term, there seems to be limited value for pursuing this effort beyond what is already funded for
FY14. The funds would be better spent on efforts that will assist in "getting steel in the water."

Strengths and Weaknesses

Project Strengths

Great pilot project. Seems to be important to create a relatively steady flow of projects to encourage the well-
qualified coders who have been cultivated by the projects and systems.

The concept of developing software based on contests between qualified, independent suppliers who would
not normally be able to bid on Federal Contracts has a great deal of merit in some applications.

Collaboration with non-MHK programming community.

Project Weaknesses
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Will be interested in project managers' assessment of whether the increased administrative load of the
atomization approach pays off with the product and cost reductions.

Non-open-source, but validated, software already exists and can be used by skilled practitioners to make
reliable calculations. While this software is widely perceived to be expensive, it is far from certain that there
will be an acceptable return on the Government's investment in creating open-source versions.
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Specific recommendations for additions or deletions to the work scope

o Detailed review of project by USDOE for lessons learned and TopCoder 2.0 Project in near term to advance
the project model if feasible on other Water Power Program projects.

e | would recommend that the scope of WEC-Sim be either substantially reduced or eliminated in favor of
efforts that are directed more directly to "getting steel in the water."

e Continue.
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WHP 140007 Advanced WEC Controls NEW

Tim Crawford, Sandia National Laboratories
WHP140007
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The bullets below are a compilation of comments made by individual panel members during the evaluation
of this project.

Question 1: Relevance to water industry needs and overall DOE objectives

This project earned a score of 2.7 for its Relevance to water industry needs and overall DOE objectives.

e Itis hard to understand what the actual controls will be.

e The stated purposes of the project - to reduce the LCOE of WEC's through improvement of power conversion
characteristics is a very high priority for MHK industry.

e The stated objective of a 50% reduction in LCOE based on the use of advanced controls appears to be based
on an observation that a particular type of WEC is tuned for a narrow band of wave energy and not on any
estimate of what can be achieved thru controls.

o If the project goal of a 50% reduction in LCOE is successful, it will be very helpful to the MHK field. Not
clear that development of open source software is best path forward for this purpose. No clear reason that the
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existing US investment through DARPA or other resources could not be best applied through NITC and
Manufacturing Extension Partnerships on specific MHK developers.

This program makes grand promises to double output of all wave energy devices through development of
better control systems but doesn't provide much detail on how this will be accomplished. This is an issue that
already has seen a substantial amount of work from the academic and development community but the
information supplied on this work does not indicate it will build on any of that work.

Very vague as to how the controls will double output of a device.

This project appears (from a very high level) to duplicate an OPT effort being funded under SBIR/STTR
Examples of other work on controls were presented during the peer review including a number of awards
under the SPA FOA, a poster from OPT that discusses their work on this issue, OSU presentation discussed
work on controls and concerns about whether increased controls could lead to increased O&M issues for
operating devices. That type of analysis does not appear to be part of this effort. To what extent will this
work build on the work that has already been done in this area?

Right goal - unconvinced this is the right strategy to achieve the goal.

Not clear what type of actual controls would be looked at.

Question 2: Methods and Approach to performing the research and development

This project was rated 2.6 on its methods/approach.

While the approach is vague, it is (in theory) applicable to the whole industry and is not a specific design.

Not clear that this objective would not have been better achieved through competitive procurement to existing
proprietary software providers in the space, or through competitive procurement to US MHK developers.

The approach is very vague and no specific control technique is identified.

Goal seers overly optimistic and perhaps not feasible. Can we really get a 50% reduction?

The approach is somewhat vague - the project summary seems to suggest largely numerical modeling work
but also building an actual wave energy device and testing it in a tank. It would seem like more progress
would be made if researchers partnered with existing device developers and used those devices instead of
creating a new one.

It was difficult to distinguish what the aim of this project is doing versus individual developers testing their
devices during tank tests.

Access to MHK company proprietary information will be essential to project completion, but raises
significant IP protection concerns for the companies.

There is no indication that this work will build on results already discovered by others in the wave energy
field and seems to be relying more on expertise developed for DOD work.

Partners have not yet been identified.

This is a 5 year program with 800K+ in first year, no budget info for future years shown. This should be
closely monitored to determine if it should continue to be funded.

Strengths and Weaknesses

Project Strengths

57

Excellent strategy to "Leverage advanced controls expertise from past DOD/DARPA projects to address
inherent nonlinearities of WECs."

Clearly there is a knowledgeable staff within SNL for this work and their expertise would benefit the MHK
effort.

Excellent strategy to employ validation testing.
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Project Weaknesses

Major potential weakness of project is found in the concern/hesitation of WEC developers to share proprietary
data on their respective power conversion controls performance. USDOE should work as honest broker
between the Labs and MHK developers to surface and address any IP/know-how confidentiality concerns and
efficiently address same with legal counsel. This will avoid the delays and expense involved in lengthy
negotiations.

This effort would be much better performed by OPT or another qualified industrial partner.

Goals seem overly optimistic.

No clear strategy to leverage prior EU or other international funded projects on power controls.  Later
presentation by OPT reviews major EU grant to develop power takeoff controls - will that project data be
available to this project?

The project will produce publicly available results, applicable to the whole industry - therefore the USDOE is
advancing global MHK industry, using performance data from US companies that may be most advanced in
this field already. This suggests that a better alternative would be to control and channel the know-
how/product to US industries.

No case was made that there is a shortage of proprietary software or other private sector expertise to achieve
this same objective. No business case evaluation was performed to determine whether MHK industry of US
would be better advanced by proprietary investment in specific technologies, rather than advancing global
competitors as same pace.

Specific recommendations for additions or deletions to the work scope
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Detailed interviews with MHK developers to determine their willingness to share essential data and the utility
of the planned project output is essential to understand whether this project will end up advancing, or
disadvantaging US developers by eliminating their advantages in the power conversion controls space.

I believe that this is a case where a National Lab is not the best choice for undertaking a specific task. More
benefit would likely accrue from assigning Mr. Crawford to oversee the SBIR/STTR work at OPT.

Continue.

Detailed interviews with major players in supply chain in this space will reveal whether the project is
duplicative of private sector services and products.
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WH P 140008 Tidal Research: Model Development and Field Measurement Campaign NEW

Bob Thresher, National Renewable Energy Laboratory
WHP140008
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The bullets below are a compilation of comments made by individual panel members during the evaluation
of this project.

Question 1: Relevance to water industry needs and overall DOE objectives

This project earned a score of 3.7 for its Relevance to water industry needs and overall DOE objectives.

e Good to see a project gathering field data to verify models.

e The stated goal of developing performance and load simulation tools and in depth field measurements to
validate those tools to enable accurate prediction of the commercial viability, performance, and reliability of
marine current turbines is a high priority for advancement of MHK industry.

e The Project seeks to validate the performance of open-source simulation tools via field measurements. This
would have value for the industry as a whole, if issues of proprietary information can be resolved, but it is not
clear why the MHK Industrial Partners would not do this as a part of their normal development process

e Good to see field measurements on a full scale device.
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e Good to get field data that can help validate and calibrate models.
e The project cost (approx. $1.9 mill) seems very excessive, considering labs may be able to piggy back off of

industry.

Not clear from presentation whether any business case evaluation was conducted by USDOE on whether
private sector alternatives existed, and would have been more cost effective as stand-alone or blended project.
Not clear if models are being developed concurrently as part of this project or in other effort. Would be good
to have models reviewed by hydrodynamic modeling experts - using wind model as a base seems like it could
be problematic, especially with all the good hydrodynamic models that have been developed.

Question 2: Methods and Approach to performing the research and development

This project was rated 3.0 on its methods/approach.

Somewhat vague on how this work will be performed.

Excellent leverage of prior DOE investments in wind power turbine models and national lab expertise, but
unclear whether there has been active outreach to USN or other federal agencies on their current research in
these areas.

The overall testing program as defined by NREL is reasonable and matches with the work reported by SNL
and PNNL

Good plan.

They haven't identified an actual field site yet. Conceptual sketch of field parameters to be measured includes
tower ADVs and a ADVs mounted on a subsurface float but it not clear how these would be anchored or
attached to the bottom which is not an easy thing to do in a dynamic tidal environment. The grid scanning
with boat mounted ADCP can also be a very difficult thing to do in a dynamic tidal environment and the tight
grid of these measurements shown on the schematic would be difficult to achieve in the field.

Unclear whether any effort is made to capture prior international research work or data generated on these
topics.

Strengths and Weaknesses

Project Strengths

o Leveraging of prior USDOE investments in wind turbine research.

e Well-planned validation of open-source models.

¢ Field data.

e Getting actual data around operating turbines will be key information for model validation.

Project Weaknesses
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Labs will need proprietary data from MHK developers in field measurement campaign. This is likely to cause
extended delays as MHK developers raise concerns about proprietary data and rejection if shared with the
labs for this study.

Lack of industrial participation significantly reduces its usefulness.

I am concerned that we are spending funds on a turbine that can then be proprietary. But I understand that
this is sometimes necessary.

Progress is minimal. A turbine supplier has not been identified.




U.S. DEPARTMENT OF

Energy Efficiency & ] ]
ENERGY  Renewable Energy MHK Panel Results and Project Evaluations

Specific recommendations for additions or deletions to the work scope

e To eliminate the project delays and legal expenses for both MHK developers and labs, USDOE should take an
active honest broker role to ensure that the IP issues are fully addressed in efficient manner to expedite the
project while reassuring the MHK developers that their concerns have been addressed.

Expedite the overall program with the full participation of an industrial partner or consider cancellation
e Continue.
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WH P 140009 idal Device Research: Field Measurement Campaign to Validate Modeling Tools NEW

Marshall Richmond, Pacific Northwest National Laboratory
WHP140009
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The bullets below are a compilation of comments made by individual panel members during the evaluation
of this project.

Question 1: Relevance to water industry needs and overall DOE objectives

This project earned a score of 3.6 for its Relevance to water industry needs and overall DOE objectives.

e Good to see field measures proposed to validate models.

¢ Fully validated model for prediction of velocity distributions around operating tidal turbines will be essential
to design of arrays of tidal turbines and environmental permitting.

e This Project will provide fluid-velocity measurements near a "typical™ turbine to validate the performance of
open-source simulation models. This would have value for the industry as a whole, if issues of proprietary
information can be resolved, but it is not clear why the MHK Industrial Partners would not do this as a part of
their normal development process.

e Good to see field measurements on a full scale device.
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It will be important to collect data at actual operating turbines.

Question 2: Methods and Approach to performing the research and development

This project was rated 3.1 on its methods/approach.

Not clear whether the project will fully leverage prior or ongoing research on current studies by other federal
agencies and academic research centers, especially USACE and NOAA.

Using ADCP units is a reasonable method.

Good plan.

Industry partner not identified yet so not clear when or if this work would actually be done. Conceptual
sketches don't show how ADCPs will be anchored - and that could be challenging in the field.

Not clear whether the limited validation data that may be available from deployed products of industry
partners will be sufficient for model validation.

Not clear whether the proprietary data from industry can be collected and "stripped" of identifying
information so as to make industry comfortable with use of the data for public models.

Strengths and Weaknesses

Project Strengths

The project investigators incorporating data from USACE at the damns along the Columbia R. The USACE
has completed a numbers of ADCP surveys downstream of these damns (John Day, Bonneville etc.).

e Strong need for model in order to advance the MHK industry and site tidal arrays.
o Well-established approach to flow characterization.

e Field data.

Project Weaknesses

Likely that National Labs will encounter strong MHK developer concern about sharing proprietary data,
delaying project implementation with lengthy negotiations around NDAs and CRADAS.

Lack of industrial participation significantly reduces its usefulness.

I am concerned that we are spending funds on a turbine that can then be proprietary. But I understand that
this is sometimes necessary.

Progress is minimal. A turbine supplier has not been identified.

Specific recommendations for additions or deletions to the work scope
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USDOE should serve as honest broker to assure that labs and MHK developers are able to address the IP
issues and NDA issues promptly in efficient manner to avoid delays.

Expedite the overall program with the full participation of an industrial partner or consider cancellation
Continue.

USDOE should assure that research plan includes active outreach to key federal agency and international test
centers to assure that this project is not duplicating prior work on MHK devices (or other USN work on
turbine/propeller wake recovery and inflow measurements.
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W H P 1400 10 Tidal device field measurement campaign to validate tools includes upkeep of tools
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Vincent Neary, Sandia National Laboratories R

Project Title:

Tidal device field
measurement campaign
to validate tools includes

‘ . i 3.7
: . = 3.5 T
upkeep of tools for
industry use NEW
Principal Investigator:
Vincent Neary
Organization: ) ] 0.0 0.0

Sandia National Relevance | Methods TechTrans WtAvg
Laboratories

Panel: _J_._ _J_._

R . 1.2.3.4.5|1.2.3.4.5(1.2.3.4.5/|1.2.3.4.5(1.2.3.4.5]|1.2.3.4.5
CompUtatlonal MOdeImg Standard Deviations

& AnalySiS : from Review Average

Performance X-axis

= 3.8

Relevance Y-axis

|

Budget:

PM

$225,000 DOE

Methods
Results

$0 Cost-Share

Relevance
TechTrans

Relevance
TechTrans

Metric Performance - Scoring Driver
n n 30 20 -0 00 1o 20 3 9 A
Review Wide 0 20 o o do fo go Project Specific

The bullets below are a compilation of comments made by individual panel members during the evaluation
of this project.

Question 1: Relevance to water industry needs and overall DOE objectives

This project earned a score of 3.6 for its Relevance to water industry needs and overall DOE objectives.

e While this is a positive approach and needed by industry to refine their tidal devices, haven't other industries
such as the Navy or Oil and Gas already developed technology that would support this effort?

e The MHK industry has a critical need to validated tool for tidal turbine rotor design and blade load
distribution measurements.

e The Project will provide blade loading measurements to validate the performance of open-source simulation
tools based on techniques that are used in the Wind Industry. This would have value for the industry as a
whole, if issues of proprietary information can be resolved, but it is not clear why the MHK Industrial
Partners would not do this as a part of their normal development process.
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Good to see field measurements on a full scale device.

e Part of same project as previous two presentations. Installing sensors on turbine blades and determining loads
on blades.

o Blade load measurements are a good addition to the Field Measurement Campaign (FMC) program.

Question 2: Methods and Approach to performing the research and development

This project was rated 2.9 on its methods/approach.

o No industry partners were identified, but as stated above, | would expect groups such as the Navy or Oil and
Gas to have at least looked into this.

e This project logically leverages significant prior DOE investment in wind energy turbine blade design for
application to tidal rotor technology, but the Summary and Presentation do not make clear that the project will
fully leverage prior or current USN and international research on related topics.B106.

e Application of proven technology from the Wind Industry is a reasonable and reliable method of making the
measurements as long as the differences between marine and land-based applications are carefully considered

e Good plan.

e Industry partner not identified.

Strengths and Weaknesses

Project Strengths

e Leveraging of existing national lab expertise in wind power technology to near term commercialization of
tidal energy technology.

o Well-established approach to blade-load measurement.

e Field data.

Project Weaknesses

o Not clear that project design will allow the project to fully leverage USN or other international work on
related topics.
Lack of industrial participation significantly reduces its usefulness.

e | am concerned that we are spending funds on a turbine that can then be proprietary. But | understand that
this is sometimes necessary.

e Labs likely to encounter IP and NDA issues discussed in prior reviews.

e Progress is minimal A turbine supplier has not been identified.

Specific recommendations for additions or deletions to the work scope

o Include partners outside of the national labs.

e Assure that effective active outreach to USN and international MHK research community o review prior and
current related work on marine blade structural response to steady and unsteady hydrodynamics and related
blade forces.

o Expedite the overall program with the full participation of an industrial partner or consider cancellation.
Continue.

o DOE should facilitate labs and MHK developer agreement on NDAs needed for model validation data from
proprietary MHK units.
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6.2 Technology Advancement

The Water Power Program's technology development activities center on reducing the technical barriers to marine
and hydrokinetic device development, improving device reliability and performance, and understanding and
evaluating various technology types. The program is currently supporting the design, development, testing, and
deployment of marine and hydrokinetic devices and components in laboratory and open-water settings,
developing tools and models that support the design, development, and optimization of marine and hydrokinetic
devices, and evaluating and assessing information on the cost and performance of marine and hydrokinetic device
designs.

Table 6.2.1 lists the existing Technology Advancement MHK projects that were reviewed during the 2014 Peer
Review meeting. Figure 6.2.1 illustrates the standard deviation of scoring of the existing Technology
Advancement MHK projects in relation to the scoring of all projects reviewed in 2014.

Addressing Comments for Technology Advancement

The MHK Peer Review Panelists recorded many useful and actionable comments during their review of
the Office’s Computational Modeling and Analysis projects. These comments will be used to make key
decisions and recommendations to those projects that will still be receiving continued funding into
future fiscal years, and will help guide Water Power Program decision making and strategy into the
future.

There was clear consensus among reviewers that there is significant value in the Technology
Advancement projects. In-water demonstrations came out as one of the most valuable efforts that DOE
could pursue on behalf of the broader MHK industry. The program is encouraged by this feedback and
will continue to pursue in-water demonstrations as an important piece of the MHK development
strategy.

With this benefit in mind, properly managed and executed projects become a key component of this
strategy, as an unsuccessful demonstration project could prove to be equally detrimental to the MHK
industry as a whole. Several of the DOE demonstration projects received critical feedback in the areas of
project management, scheduling, cost estimates, etc, which signifies that the Program needs to continue
upon recent improvements to its project management strategy. There have been considerable
improvements in this strategy as the Program embarks upon a new process for Active Project
Management. It is clear that the Technology Advancement projects will benefit significantly from this
practice, and in turn, will provide more value to the industry.

Reviewers also noted the importance of capturing lessons learned and other benefits from these
Technology Advancement Projects. As the Program embarks upon the development of a new
Technology to Market (T2M) Strategy, capturing these lessons learned and disseminating them to the
broader industry will be a key component based on this constructive feedback.
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Table 6.2.1 Existing Technology Advancement MHK projects
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Hydropower System (KHPS) to Adonizio
Department of Energy (DOE)
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Direct Drive Wave Energy Buoy Ken Columbia Power 4.0 4.1 3.8 39 47 48 H
Rhinefrank Technologies
Aquantis C-Plane Ocean Current Turbine | Alex Fleming = Dehlsen 5.04.0 46 3.0 43 3.7 H
Project Associates, LLC
TidGen® Power System Christopher | Ocean Renewable 3.0 ﬂ4.3 35 3.7 45 42 H
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LiVecchi Renewable Energy
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WET-NZ Multi-mode Wave Energy Steven Kopf | Northwest Energy 5.0 ﬂ 35 36 3.1 42 45 ﬂ
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Neary Laboratories
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Table 6.2.2 lists the new Technology Advancement MHK projects that were reviewed during the 2014 Peer
Review meeting. Figure 6.2.2 illustrates the standard deviation of the new Technology Advancement MHK
projects in relation to the scoring of all projects reviewed in 2014.

Table 6.2.2 New Technology Advancement MHK projects
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Figure 6.2.2 New Technology Advancement MHK projects
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The bullets below are a compilation of comments made by individual panel members during the evaluation
of this project.

Question 1: Relevance to water industry needs and overall DOE objectives

This project earned a score of 4.6 for its Relevance to water industry needs and overall DOE objectives.

o Applaud WET-NZ for getting their device in the water and able to measure the efficiency of their wave
energy device.

e Critical to move WEC device toward commercialization.

e The goal of increasing TRL is vital to DOE objectives since in-water demonstrations, preferably grid-
connected, are the only path to acceptance of MHK.

e Thisis an important project. If successful, it will be a boost to the MHK industry.

e Goal was to validate TRL 5-6 - get correlation between expected and field conditions.

e Excellent example of federal agency cooperation in USN and DOE collaboration on project, and excellent
collaboration with OSU test site in project development.
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Was a little unclear which part of project we are looking at as there has been a good deal of prior work and
this was presented, including 2012 field deployment at OSU but budget and schedule information is focused
on planned Hawaii deployment.

This is an actual project being installed at the wave energy test centers at OSU and in Hawaii. Researchers
are gaining valuable real world experience with deploying devices, including modifying moorings and
components.

Good use of the wave sentinel device at OSU.

Question 2: Methods and Approach to performing the research and development

This project was rated 3.5 on its methods/approach.

Failure of NREL DAQ software suggests that there should have been more emphasis on software testing in
integrated setting prior to deployment.

The sequence of steps: wave-tank testing, manual ocean testing in Oregon, redesign, and controlled ocean
testing in Hawaii was a reasonable plan with reasonable probability of success.

Behind schedule and over budget.

Putting devices in the water at the DOE test sites is exactly what the industry needs to gain information on
deployment, operations, component life and also validate computer models and lack of environmental
impacts.

Delay due to software issues with NREL sampling device - need redundancy and backup in field data
collection methods when dealing with such critical and expensive time windows.

Question 3: Technical accomplishments and progress toward project and DOE goals

This project was rated 3.6 based on technical accomplishments and progress.

Problems were encountered, but the lessons that were learned will prove valuable.

Behind schedule, over budget.

Successes - deployment went great, OSU good to work with, collected useful power data, can-do attitude
important.

Minor criticism: there was an over-reliance on a single piece of developmental test equipment in the Oregon
test without a backup.

Problems with software in measuring device supplied by NREL.

Device in water for 8 weeks in OR - captured a good range of wave conditions.

Have gotten environmental and interconnection approvals for HI work. Have modified mooring system.

Question 4: Project Management

This project was rated 3.1 on its project management.

71

Good to honesty with their project - sometimes projects overrun their budgets. Although this will be a concern
when finalizing deployment in Hawaii.

Project is $250k over budget, but the Presenter explained a reasonable plan for acquiring additional funding to
complete the effort.

Behind schedule over budget.

Project went over budget by 250K. Original 500K - added 199K. Getting money from private investors.
Refreshing to see someone admit that they ran into unanticipated problems - still have accomplished a good
deal for the amount of money spent especially as compared to some other projects.
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Project delays were presented and explained as being related to NEPA issues. These delays need to be
studied and captured as lessons learned for future endeavors. Greater understanding of these delays will aid
not only Northwest Energy Innovations, but the entire MHK community.

Was a little unclear which part of project we are looking at as there has been a good deal of prior work and
this was presented, including 2012 field deployment at OSU but budget and schedule information is focused
on planned Hawaii deployment.

While Northwest Energy Innovations seems to have done a reasonable job of managing the effort, failure
could have serious ramifications to the entire MHK industry.

Question 5: Research Integration, Collaboration, and Technology Transfer

This project was rated 4.2 for research integration, collaboration, and technology transfer.

A positive relationship developed by WET-NZ with research institutes (OSU and WETS).

Northwest Energy Innovations has a sound team from industry (primarily), academia, and Government.
Collaboration with many other organizations.

Working in collaboration with the test centers and a number of industry partners as well as NREL. Making
results readily available to development community.

The amount of technology transfer via an academic thesis, an academic report, and a conference paper
provides good exposure of the larger Energy community to MHK.

Testing experience at test centers will directly benefit future deployments.

Question 6: Proposed Future Research

This project was rated 4.5 for proposed future research.

Strong support to continue commercialization of the technology is warranted.

Proposed Future Work makes good use of work at National Laboratories to advance TRL.

12 months of testing planned at Hawaii test center should yield valuable data as well as operational
experience. Data can be used to validate models.

A grid-connected demonstration is vital to moving MHK to higher levels of TRL.

Strengths and Weaknesses

Project Strengths

A vast and strong group of team members from both the public and private sectors.

Significant advancement toward commercialization of WEC technology.

The performer has put "steel in the water", learned from errors, and is planning for a second iteration of in-
water testing.

Important goals.

Steel in the water and use of test sites.

Project Weaknesses
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Cost overrun of $250k may inhibit completion in HI.

The project has incurred both schedule and cost issues. While these are to be expected during initial
demonstrations, there is a danger of negative over-reaction to failures.

Behind schedule and over budget.
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Specific recommendations for additions or deletions to the work scope

e Support the upcoming test in Hawaii (and other in-water demonstrations) in any way possible.
o Continue if budget problems can be resolved.
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The bullets below are a compilation of comments made by individual panel members during the evaluation
of this project.

Question 1: Relevance to water industry needs and overall DOE objectives

This project earned a score of 4.1 for its Relevance to water industry needs and overall DOE objectives.

¢ Funding to develop an efficient PTO is essential for the development of the MHK industry.

o Because the PTO is such a large part of the OPT system design, improvements to this component are
important to reducing LCOE.

e | was not present for this presentation.

e This is very important work that has leveraged public and private funds to look at comprehensive
improvements to the PTO system of a Wave Energy Converter - focusing on a number of aspects to lower
costs while increasing efficiency and longevity. Should provide benefits to other types of devices and other
research.

e Research like this is very much in line with the industry's needs to achieve a more competitive LCOE.
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Company provides helpful model of how to build scalable PTO component that can be used across product
lines; reduce costs of production.

The value of this effort is that the improved MPTO is being deployed in an EU demonstration. While a US-
based demonstration would be preferred, any opportunity for demonstrating MHK is a plus.

Learned that PB wouldn't be cost effective in deeper water.

Only being able to generate in 30 M water depth could limit usefulness in some areas where there are more
user conflicts in shallower water.

Question 2: Methods and Approach to performing the research and development

This project was rated 4.1 on its methods/approach.

Positive: Using off the shelf components where possible and implementing a stage gate process will hopefully
keep costs in check as the project moves forward.

Project approach included a balanced approach between risk mitigation and cost, focusing on testing and
validation of the subcomponent parts that could benefit multiple OPT systems.

OPT follows a rigorous development methodology that includes stage-gate reviews and incremental testing.
While costly initially, this approach generally provides the most reliable path to a successful demonstration of
new technology.

Staged gate decision process, using off the shelf components when possible.

Peer review on defined deliverables.

Use of tank testing to validate components of humerical models and improve them.

Question 3: Technical accomplishments and progress toward project and DOE goals

This project was rated 3.4 based on technical accomplishments and progress.

System performance and reliability improvements appear to be on target for a summer 2014 deployment.

OPT has designed the MPTO for manufacturability, overall system performance, and reliability. While the
effort stops with design optimization, as long as the results will be used in a different project, there is value.
Intelligent monitoring system consumed less power.

Brake system that allows for lock down during high wave conditions.

O&M improvements reduce down time.

Question 4: Project Management

This project was rated 3.6 on its project management.
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Everything appears to be on target, based on this presentation - | look forward to reading about their July
2014 deployment.

Generally, the project plan seems to be well thought-out and shows linkages at the major-task level.
Leveraging tank testing and modules.

Minor point: the first task of Phase IIl is simply the development of a Project Charter and System
Requirements Specification, but it seems to take an unusually long period of time.

Fabrication, manufacturability was incorporated into design.

Looks like good approach tough to tell how previous work did vs budget.
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Question 5: Research Integration, Collaboration, and Technology Transfer

This project was rated 3.2 for research integration, collaboration, and technology transfer.

e | appreciate the international collaboration, but with so much DOE and EU financial support, it was uncertain

as to who OPT has teamed with on this project.

Proprietary technology, so limited publication possible, but OPT has pledged to publish non-proprietary data.

For the DOE-funded portion of the effort, OPT appear to be acting as a stand-alone entity.

Doing some work with international community, delivering data to labs to help validate models.

OPT is clearly drawing upon both US and EU funding sources to finance PTO technology, and integrating

that research in device development. Can US access the field measurement data from the recently funded EU

project in Spain in order to advance other DOE field measurement projects, given that the underlying device

development is partially funded by US?

e As long as the MPTO will be integrated into an EU-funded demonstration, the DOE-developed technology is
being well used.

o will be testing unit in Spain - DOE work leveraged ability for them to be competitive internationally

e Good coordination with Lockheed on POT studies.

Question 6: Proposed Future Research

This project was rated 3.8 for proposed future research.

e The July 2014 deployment will provide invaluable data for OPT to progress and further help them refine their
PTO development.

e The PTO design optimization supports an in-water demonstration, indicating good alignment with the needs
of the MHK industry.

e Continuing to optimize PTO and next stages will be to deploy and test prototype which should be very
beneficial.

Strengths and Weaknesses

Project Strengths

e Looking to develop a PTO that would reduce material costs, while increasing its efficiency is essential for this
industry to progress.

e Solid engineering development processes have been applied to optimizing a key component of the OPT
system.

e Developer using DOE and private funds to look at comprehensive improvements to real device.

e The component is planned for deployment under separate funding.

Project Weaknesses

o OPT seems to have made a conscious decision to not take advantage of the resources in the larger DOE/MHK
team, such as the National Laboratories and universities.

Specific recommendations for additions or deletions to the work scope

e This project seems to represent a DOE investment that will pay off for the MHK industry if the EU-funded
demonstration is successful.
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The bullets below are a compilation of comments made by individual panel members during the evaluation
of this project.

Question 1: Relevance to water industry needs and overall DOE objectives

This project earned a score of 4.0 for its Relevance to water industry needs and overall DOE objectives.

e From an industry perspective, this project was very important in that it was one of the first wave project to
complete the permitting process.

e Project addresses critical objective of moving current generation WEC device toward utility scale
deployment, incorporating Design for Manufacturing approach.

e Deploying a 150kW PowerBuoy for relevant ocean testing would align well with Program Goals

e | was not present for this presentation.

e This is first FERC licensed commercial wave energy project - this project represents a critical first step for the
industry in terms of technology demonstration and regulatory and environmental acceptance.
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Unfortunately it does not appear that the United States will benefit from the product deliverable given lack of
current OPT plan to complete and deploy WEC device in US, and to shift emphasis to EU project instead.
Disappointing that project technology will be deployed in Spain instead of US.

Reducing LCOE by improvements to manufacturing processes aligns reasonably well with Program Goals.
OPT presentation emphasized that OPT wants to finish the project, and that OPT and DOE are in discussions
to accomplish that goal. Not clear whether delays on environmental permitting and USDOE NEPA review
delays caused project costs to increase, or whether the matching funds from OPT were allocated to other
product development, contrary to project plan. Encourage USDOE to continue to work with OPT to deploy
project in US as proposed, given importance of gathering data from field tests as proposed.

Deployment seems to have become secondary to manufacturing process improvements and other research. It
is not clear to me that this re-emphasis is in good alignment with the prioritized Program Goals. This
uncertainty lowered the score.

Even if later stage technology data may be available after EU project in Spain, the original PB150 technical
project plans for data collection on PB150 for power production, reliability, mooring system performance,
and sea-state responsiveness, as well as acoustic and EMF testing in accordance with the Reedsport
Settlement Agreement Study Plans, may be valuable.

Question 2: Methods and Approach to performing the research and development

This project was rated 3.5 on its methods/approach.

| appreciated the phase approach proposed, this would allow for environment impacts to be assessed at a more
consistent level.

Following a dual track of deployment and product improvement has allowed progress to be made on one front
(manufacturing) when delays in deployment occurred. Unfortunately, the delays have called the deployment
into question due to a perception that the equipment proposed for deployment has been superseded
Developing modular components to expand supply chain and drive costs down.

Reedsport project uses previous PTO technology - PB150.

Phased installation to test environmental and other factors.

Question 3: Technical accomplishments and progress toward project and DOE goals

This project was rated 3.1 based on technical accomplishments and progress.
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Completed all the environmental studies and regulatory efforts to deploy the PB150 device off of Oregon. It is
disappointing to see OPT not follow through and deploy the device.

While project schedule has slipped, the technical accomplishments and progress appear to be on pace

The manufacturing improvements seem to have improved the product design.

Have not yet deployed technology and are being very evasive about whether they will deploy without having
to significantly amend their existing license. OPT made decision/commitment to pursue a commercial license
instead of a pilot license which implied they thought their technology was commercially viable. If it's not
they should surrender the license or see if they can change it to a pilot somehow or plan to deploy at the test
centers until they are truly ready to propose a commercial project.

Have made considerable progress on device and device components.

Have secured regulatory approvals including FERC license and have conducted some required environmental
studies.
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Question 4: Project Management

This project was rated 2.3 on its project management.

It was vague as to why there were delays and eventually no deployment

Project delay causes are not clear, although attributed to permitting delays in presentation

The deployment has been seriously delayed. The presentation and summary imply that there were delays by
both OPT and the regulatory agencies

Logistics of deployment not complete

It is vital that the lessons that OPT has learned by these delays be captured. In particular, questions such as
"how could the process been more effectively managed?" should be asked in a non-judgmental way.

debating whether or not to deploy technology at Reedsport

The baseline scope of the effort seems to have changed. It is unclear if the change in emphasis from
deploying the 150kW PowerBuoy in favor of the "Proposed Future Research" are warranted.

There have been substantial cost overruns. While covered by OPT cost share, they are still overruns. No
analysis of the reason for the variance was provided.

Question 5: Research Integration, Collaboration, and Technology Transfer

This project was rated 3.1 for research integration, collaboration, and technology transfer.

Good collaboration with Lockheed

Good use of supply chain vendor Lockheed, and plans to publish non-proprietary data

Collaboration beyond suppliers (OSU seems to be treated as a subcontractor for the EMF study) is minimal.
Using Lockheed Martin to assist in aspects of design

Publications have been minimal, with sparse detail

Sharing results of project and studies with others in the industry

OPT appears to prefer to be a monolithic commercial entity that holds proprietary information tightly. While
completely understandable for business reasons, this probably makes management of their efforts challenging
for DOE

Question 6: Proposed Future Research

This project was rated 2.2 for proposed future research.

79

With all of the regulatory effort completed, it is frustrating to see OPT not deploy this (or the PB500) device
in Oregon. Even if OPT is not going to deploy the PB150 in Oregon, as they have all their permits in hand,
why not amend them and deploy the PB500 here instead?

OPT and USDOE must work to address any funding deficits caused by permitting delays or USDOE NEPA
review delays, but OPT must assure that earmarked OPT funds for OPT project are made available.

The presentation and summary state that future scope is under negotiation. OPT appears to be advocating for
the deployment plans to be modified, but no specific recommendation was provided

Need to understand what OPT is now proposing to do. If their 150 device is not economically feasible to
deploy they should not have pursued and accepted commercial license. If they are not going to deploy at
Reedsport they will have wasted a lot of agency time and it could become a black eye for the industry.

As OPT has essentially abandoned this deployment and pursued their PB500 deployment in Spain instead, it
appears they are focused on their profitability more than supporting the industry development.

OPT should finish the project even if the technology is not the most current, given the promise to undertake
the work, and the valuable information that can be gathered
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The proposed future research does not support a near-term deployment

DOE should be very cautious about continuing to fund this. If they are proposing a completely different
device in terms of size and environmental footprint they may be entering into a long and costly license
amendment process. It might be wiser to deploy 1-2 PB units in a good faith effort while they assess
economics of deploying newer units.

Strengths and Weaknesses

Project Strengths

OPT made significant progress towards achieving their objectives (e.g., obtaining all necessary permits for
deployment).
The system is making progress toward deployment via design improvements.

Project Weaknesses

The presentation was very vague on specific details on what created the delays and their overall approach to
the project.

OPT is not pushing for deployment, stating that better systems are ready to deploy. Is the 150kW PowerBuoy
really ready for deployment or is there risk that it will fail in ocean testing?

presenter defensive about not fulfilling agreements about deployment - if funding is not there what impact
does that have on industry

Delays in the regulatory process coupled with design improvements have weakened the project by scope
changes that may or may not be necessary

Specific recommendations for additions or deletions to the work scope
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Important for DOE and OPT to demonstrate success with a product deployment given significant funding
commitments

DOE must carefully weigh the relative risks of (1) deploying the 150kW PowerBuoy and having an
unsuccessful demonstration versus (2) cancelling the deployment. Both risks have serious consequences for
the MHK industry

Suggest DOE gains a thorough understanding of the license realities and options as well as the financial
strength of OPT to carry this project out. Perhaps the license could be sold or transferred to an entity that
would be able to fulfill the obligations if OPT can't do it.
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The bullets below are a compilation of comments made by individual panel members during the evaluation
of this project.

Question 1: Relevance to water industry needs and overall DOE objectives

This project earned a score of 4.7 for its Relevance to water industry needs and overall DOE objectives.

Excellent project to move utility scale, low-environmental impact WEC device toward commercialization
The project aligns with 4 Program objectives, principally "Advance the state of MHK technology"

Very relevant. Will be a great contribution to the field.

Impressive company going through thorough detailed design, having design basis reviewed and certified by
the leading international certification companies at multiple steps throughout design, involving experienced
offshore marine construction expertise into design.

e WEC structure designed for all seas, including high energy sites.

e The design improvement of unlimited angular motion does “increase access to high resource sites”, but is
primarily an advancement in the WEC design.
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o Size of device is large 25-30 meter beam lengths etc.
¢ Single point mooring system design testing for environmental data.
e CPT has integrated COTS equipment to develop a reasonable test infrastructure.
o Direct drive wave energy buoy - trying to get a certifiable design. Certification standards integrated into

design. SCADA controls.

Strong presentation and project summary.

Looking to be able to operate in ALL wave conditions? Achievable? Device turns over in high wave
environments and continues to generate?

8.5 meter nacelle - new design (3.2) can go in shallower water - this creates potential environmental and
recreation, nav issues.

Single point mooring system to reduce env impacts.

Question 2: Methods and Approach to performing the research and development

This project was rated 4.1 on its methods/approach.

The approach is conservative, comprising design and limited experiments.

Project is being run very well.

Design basis being reviewed by GL/DNV - getting concurrence on design basis is key up front.
comprehensive approach looking at multiple facets of deployment.

Question 3: Technical accomplishments and progress toward project and DOE goals

This project was rated 3.8 based on technical accomplishments and progress.

There have been some good design results, but the schedule has had unacceptable slippage, which seems to be
related to "analysis paralysis."

Good results so far. Good progress towards field test in HI.

Changing mooring interface at WETS.

SCADA SDD in progress.

1/33 scale analysis completed and contributed to significant improvements but 2Q delay as they got through it
all.

Question 4: Project Management

This project was rated 3.9 on its project management.
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Excellent project planning and management to include partners who have manufacturing and component
expertise and mooring expertise.

The revised schedule provides little confidence that CPT will recover from delays.

Comprehensive project management.

Delayed but no budget impacts.

The fact that roughly half of the budget has been expended indicates that increased spending on level-of-effort
tasks (due to delays) are taking a toll. Careful, regular review is required.

complete design and design assessment.

50% funded by DOE - rest by outside sources.
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Question 5: Research Integration, Collaboration, and Technology Transfer

This project was rated 4.7 for research integration, collaboration, and technology transfer.

e Good example of constructive collaboration with Oregon State University, and data sharing with NREL.

o CPT is clearly well integrated with the larger MHK community (including the TC-114 TAG) and are sharing
information.

e Good collaboration with others in preparatory work.

e Partnering with others in areas where they don't have expertise.

e Lots of outside collaboration - industry, academic, and government labs plus stakeholder outreach, industry
dissemination and education.

e Qutreach to young people is a sign of good corporate citizenship.

Question 6: Proposed Future Research

This project was rated 4.8 for proposed future research.

e Strong contender for future research funding.

e The near-term tasks need to be completed on-time to provide confidence for the ultimate goal of "build and
open-ocean deployment of grid-connected WEC."

e Open-ocean deployment at test site in Hawaii will be a great contribution to the MHK industry.

o Will deploy and test device at wave energy test center - critical for continued development of test centers as
well as knowledge base of WEC technology.

Strengths and Weaknesses

Project Strengths

e Excellent project design and implementation for utility scale WEC.

e Good technical work, an apparently good system design, and good testing infrastructure for evaluating the
performance of the equipment.

e Comprehensive project management.
Taking a very systematic and intelligent approach to design - getting outside review at multiple points
including marine construction expertise.

e Good collaboration with the larger MHK community, particular with regard to participation in standards
development.

Project Weaknesses

e Schedule delays do not provide confidence that CPT is ready for the effort associated with a grid-connected,
in-water deployment.

Specific recommendations for additions or deletions to the work scope

e In spite of good engineering, industry collaboration, and market evaluation; DOE should monitor the progress
of this project and the related effort under the SPA FOA very carefully, perhaps assigning a dedicated
resource if the budget allows.

e Continue.
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W H P 1400 15 Wavebob Advanced Wave Energy Converter (AWEC) & Power Take Off (PTO)

L.E. (Ted) Lesster, RCT
WHP140015
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The bullets below are a compilation of comments made by individual panel members during the evaluation
of this project.

Question 1: Relevance to water industry needs and overall DOE objectives

This project earned a score of 3.7 for its Relevance to water industry needs and overall DOE objectives.

e PTO would be applicable for both wave and tidal machines.

e Although PTO design was stranded with bankruptcy of WaveBob this component of PTO subcontract to RCT
successfully explored PTO performance improvement and use of linear to rotary converter option and
demonstrated potential for good performance.

e Project is developing a power conversion system based on a switched reluctance machine. This is an
interesting choice that may prove beneficial in the long term. While it is not clear that this is the "ultimate
perfect” choice, it deserves very serious considerations.

e Could be very helpful to industry if switch-reluctance machine proves successful.
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e RCT was sub to Wavebob - scope was to design and construct a scalable switched reluctance machine to
wave bob requirements.

e Good project, good subcontractor performance in spite of lead contractor bankruptcy.

e Project employs a proven, available inverter from the former parent company as the interface to the grid.
Although the former parent company is no longer in business, other competitive products can be readily
substituted with suitable engineering interface development.

e Project was halted early due to Wavebob insolvency and not clear if it has applicability to other projects
Hard to make high torque low speed machine small.

¢ reluctance machine safer no excitation, not subject to the whims of the rare earth market.

Question 2: Methods and Approach to performing the research and development

This project was rated 3.4 on its methods/approach.

e The company has followed an excellent approach for developing the power conversion system.
e Good project plan, but then Wavebob became insolvent.

o Seemed like it had good approach going.

Question 3: Technical accomplishments and progress toward project and DOE goals

This project was rated 2.9 based on technical accomplishments and progress.

e At no fault of RCT, their progress has been limited by Wavebob's insolvency.

PTO component was completed well, but challenge will be to assuring that others can take advantage of the
work.

The project is on indefinite hold and should perhaps be considered to have completed successfully.

The project was producing good results up until the time Wavebob became insolvent.

Switched reluctance machine drive appears to provide some inherent advantages over other generators.
Looked at costs associated with desired design - was too high - developed carbon fiber reinforced belt based
lower weight module. Linear to rotary converter.

Question 4: Project Management

This project was rated 3.3 on its project management.

Wavebob's insolvency has stopped the progress of this project.

The cancellation seems to have been beyond the control of RCT and they have given visibility to the issue.
Project Management by RCT Systems was good. However, Wavebob became insolvent.

ISO 9000 process - used design process for year 1.

RCT made a very reasonable "mid-course correction™ by executing a revised or "RDR" design that met a need
for increased force capacity near zero velocity. In an early-stage industry like MHK, errors in initial
specifications must be expected and addressed.

¢ on budget through June 1 2012 - wavebob insolvency stopped work then and results never completed.

Question 5: Research Integration, Collaboration, and Technology Transfer

This project was rated 3.4 for research integration, collaboration, and technology transfer.

e RCT was able to accommodate a significant specification change by the Prime.
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o It will be interesting to see if any other firms pick up on the technology for their WEC devices.
o Looks like some good research and information that could be transferred to other projects as appropriate -
would like to see if there are other device developers who could benefit.

Question 6: Proposed Future Research

This project was rated 1.8 for proposed future research.

e General Comment: Adding this PTO to a future device would support the developing of the MHK industry
e Project ended.

e There was no discussion of future research.

Strengths and Weaknesses

Project Strengths

e DOE has been able to recover the design of the PTO from RCT.
e The power conversion design is an important step for MHK and needs to be demonstrated.

Project Weaknesses
e The cost of the direct drive ($3m) for 550 kW is excessive - although the efficiencies of the machine are very
good.

e The power conversion design will not be demonstrated on this project.

Specific recommendations for additions or deletions to the work scope

e The value of the PTO subcontract will likely be lost unless DOE and subcontractor can push information to
the industry and enable others to pick up the technology.
Not much to recommend for the Wavebob effort, but monitor how RCT performs under the SPA FOA.

e Close out project. Produce a summary of the results of RCT Systems work on the Switched Reluctance
Machine.
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W H P 1400 1 6 TidGen® Power System Commercialization Project

Christopher R. Sauer, Ocean Renewable Power Company
WHP140016
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The bullets below are a compilation of comments made by individual panel members during the evaluation
of this project.

Question 1: Relevance to water industry needs and overall DOE objectives

This project earned a score of 4.8 for its Relevance to water industry needs and overall DOE objectives.

Able to develop key environmental protocols that could be applicable to other MHK projects.

First grid-connected demonstration has advanced the experience level with Tidal Energy.

First federally licensed grid connect tidal project.

Not reviewed due to potential conflicts.

Getting "steel in the water" and grid connected has provided a lot of commercial media coverage for the
MHK industry as a whole.

Long term purchase agreement.

e Power purchase agreement approval received from the Maine Public Utilities Commission.

e FERC License.
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Question 2: Methods and Approach to performing the research and development

This project was rated 4.3 on its methods/approach.

e Using existing equipment for new uses when implementing environmental monitoring.
o Well-designed demonstration at an appropriate scale.

e Well planned and very collaborative.

Question 3: Technical accomplishments and progress toward project and DOE goals

This project was rated 3.5 based on technical accomplishments and progress.

e Teaming partners wasn't covered in great detail in this presentation.

o Actual experience of "steel in the water", is partly offset by reliability issues that stopped the demonstration
early.

e Great project! Successful grid connected, FERC-licensed pilot project.

Question 4: Project Management

This project was rated 3.7 on its project management.

e Positive: Made us budget overrun through private funding.
No relevant data on actual versus budgeted cost/schedule was available. ORPC got equipment through the
regulatory process and into the water.

o Very successful project management. Included working with many stakeholders.
Failures of early-stage equipment are to be expected, but in-process testing might have avoided the
embarrassment of taking the equipment out of the water early.

Question 5: Research Integration, Collaboration, and Technology Transfer

This project was rated 4.5 for research integration, collaboration, and technology transfer.

e ORPC has reached out to academic institutes.

e ORPC has learned a lot and seems to have shared it well with the larger MHK community.
e Great collaboration with industry, academia, and government.

Question 6: Proposed Future Research

This project was rated 4.2 for proposed future research.

e The lessons learned from this project will form a strong basis for future work for PTO studies.

o While the last slide is clearly an advertisement, it is mostly true.

e If funds are available, their proposed future project of a commercialized tidal power system would be well
worth pursuing.

Strengths and Weaknesses

Project Strengths
o ORPC designed, built, and installed equipment for an in-water demonstration.
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e Grid-connected, FERC-licensed, PPA.
e ORPC successfully completed many regulatory milestones.
ORPC delivered power to the grid.

Project Weaknesses
e The installed equipment had reliability issues that caused an early termination of the demonstration.

Specific recommendations for additions or deletions to the work scope

e Monitor in-process verification efforts on future ORPC efforts.
e Continue.
¢ Monitor adherence to Quality Control and Quality Assurance procedures at ORPC and their suppliers.
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WHP1 400 17 0CGen® Module Mooring Project

Jarlath McEntee, Ocean Renewable Power Company
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The bullets below are a compilation of comments made by individual panel members during the evaluation
of this project.

Question 1: Relevance to water industry needs and overall DOE objectives

This project earned a score of 4.3 for its Relevance to water industry needs and overall DOE objectives.

o While this is a positive step forward for the MHK industry, with the limited funds available, why wouldn't
ORPC focus time/money/and team's efforts on perfecting the TidGen's efficiency?

The project, if successful, will demonstrate extraction of power from ocean currents at an approved test site.
Planed field demonstration of a tidal turbine will be very useful to the MHK industry.

Not reviewed due to potential conflicts.

Does not generate power. Mainly looking at moorings and performance of structure.
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Question 2: Methods and Approach to performing the research and development

This project was rated 4.0 on its methods/approach.

e Able to build off experience from ORPC's deployment of the TidGen device.

e The method that ORPC is following is a reasonable approach to developing a new product.
o  Well planned.

Question 3: Technical accomplishments and progress toward project and DOE goals

This project was rated 3.3 based on technical accomplishments and progress.

e The project has accomplished some of its goals, but has been delayed. Not all of the delays appear to be
related to receipt of NEPA categorical exclusion as stated in the comments.

e Successful use of a CFD program.

e Successful scale model tests.

Question 4: Project Management

This project was rated 2.3 on its project management.

e Significant variances from schedule were not well explained.
Two tasks slipped over a year: (1) Dynamic Analysis of Mooring System and Lines, and (2) Cable and
Mooring Design.

o Cost variances, if any, were not discussed.

Question 5: Research Integration, Collaboration, and Technology Transfer

This project was rated 3.2 for research integration, collaboration, and technology transfer.

e Collaborating with Uni. of Washington and Maine as well as private industry.

e Apparently little collaboration other than with suppliers and University of Washington. An unpublished MS
thesis and a Patent Application don't constitute a great deal of technology transfer. Although ORPC is
making a substantial financial investment, more should be expected from a half million dollars DOE
investment.

e Good collaboration with industry and academia.

Question 6: Proposed Future Research

This project was rated 4.0 for proposed future research.

e The demonstration planned for Summer '14 is an important milestone, but there remains a lot to do.
o Field tests at Cobscook Bay Tidal Energy Project site would be very worthwhile.

Strengths and Weaknesses

Project Strengths

e ORPC has done a good job of developing a variant of their core technology for ocean-current applications.
e Use of CFD code.
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o ORPC has an important milestone coming in the Summer.
e Successful scale model tests.

Project Weaknesses
e The project has experienced regulatory delays, but not all the delays appear to be related to regulatory issues.

Specific recommendations for additions or deletions to the work scope

e This project has high risks and high upside potential. Careful monitoring of schedule is imperative.

e Continue.
o Another reliability-related failure would be a severe blow to the industry (see recommendations for Tide-
Gen).
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W H P 1400 1 8 Aquantis C-Plane Ocean Current Turbine Project

Alex Fleming, Dehlsen Associates, LLC

WHP140018
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The bullets below are a compilation of comments made by individual panel members during the evaluation
of this project.

Question 1: Relevance to water industry needs and overall DOE objectives

This project earned a score of 4.5 for its Relevance to water industry needs and overall DOE objectives.

o Excellent example of "best and brightest" team compilation - well worth DOE drilling down to fully
understand the nature of obstacles to use of National Lab personnel; Why could they work with NavSea but
not National Labs?

e The Dehlsen Team is advancing the state of MHK technology by developing a system design for extracting
power from the Gulf Stream.

e The type of data being collected will be very relevant to the development of ocean current turbines.

o Very detailed and integrated systems approach to development of the turbine generating system - using naval
and marine experience and understanding, CFD and other modeling, tank testing to refine and develop
workable system - using both DOE and private funding sources - focused on capturing marine current power.
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Strong team building of outstanding personnel.

e Very comprehensive project: hydrodynamic analysis, dynamic simulation analysis, mooring analysis, tow
tank testing, marine composites analysis, drivetrain and bearing design.

e Appears to be a good deal of prior research.

Question 2: Methods and Approach to performing the research and development

This project was rated 4.0 on its methods/approach.

Positive: Utilizing experience from previous wind experience and applying it to the Aquantis design.
Thoughtful design and strong collaboration with partners.

The overall methodology is sound from a technology-development perspective.

Impressive team of industry, government, and university experts.

Looks to be a very advanced design and being developed in a strong, iterative fashion.

Very complete approach to project.

Environmental and siting impacts will be huge for marine current systems and will be a lengthy process to get
regulators comfortable with deployments of these, particularly large arrays - should start to understand
environmental concerns and incorporate environmental monitoring features into design if possible.

Question 3: Technical accomplishments and progress toward project and DOE goals

This project was rated 4.6 based on technical accomplishments and progress.

Secured project objectives and list of accomplishments achieved for this innovative technology.

The Team has accomplished a reasonable amount of component-technology design and verification activities.
Hydrodynamic and dynamic simulation analyses, mooring analysis, tow tank testing.

Lots of progress noted.

CFD studies - going quickly.

validating using Navy and GL/DNV models.

Tow tank testing - successful scale testing (video clip).

Mooring system design has been fairly well advanced.

Marine components and rotor design have gone through a number of revision.

Question 4: Project Management

This project was rated 3.0 on its project management.

The size of the team presents some challenges in itself.

o Significant schedule delays.
Very behind schedule - need to understand more about reasons for this but 1 year delay due to contract
negotiations with DOE.

e The project experienced a one-year delay because of contractual issues.

Question 5: Research Integration, Collaboration, and Technology Transfer

This project was rated 4.3 for research integration, collaboration, and technology transfer.

e Astrong list of partners (public & private) on this project.
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Issue of protection of Intellectual Property is essential for success of projects; USDOE can play important role
to facilitate national lab/MHK developer collaboration and avoid project delays (and related costs) on NDA
and CRADA IP issues to assist MHK developers to have ability to protect IP that is critical to device
commercialization and attraction of private investment based on strength of IP.

In addition to collaboration within the Team, this project has validated analysis codes with those of the USN
and NREL.

Good collaboration with industry and academia.

Good team of experts - industry, academic, and Navy partners, using proven model software to test and
improve designs.

This appears to be a good candidate project for Dehlsen to work with the labs and utilize their RM.

Question 6: Proposed Future Research

This project was rated 3.7 for proposed future research.

Hopefully, DOE can provide for prompt follow up funding to avoid costs and disruptions to company of
project ramp up and ramp down, given the apparently significant markets available for the product.

Dehlsen proposes only a substantial ($8.7M) suite of follow-on component design/test activities without an
in-water system demonstration.

Proposed future research would be very helpful to the development of ocean current energy technology.
Detailed design and testing of various components.

What is being done to look at environmental impacts of device and are they looking for actual deployment is
US waters? If not FL testing site they should be working on a location and starting permitting soon if they
intend to field test units.

Strengths and Weaknesses

Project Strengths

Strong collaboration of hydrodynamics combined with wind experience.

e Good component technology advances for the C-Plane concept.

e Very comprehensive project: hydrodynamic analysis, dynamic simulation analysis, mooring analysis, tow
tank testing, marine composites analysis, drivetrain and bearing design.

o low RPMs - how low? 2-5 rpm. This could be very important environmentally.

e A wide team list balanced with public and private partners.

e Applicable to the Gulf Stream off the coast of Florida.

e 2-3 MW size - economic models based on 100 MW deployment - 50 units.

Project Weaknesses

No near-term in-water system demonstrations.

Specific recommendations for additions or deletions to the work scope
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Priority for funding to accelerate near term market deployment.

This concept is in need of substantial private investment in order to get to an in-water demonstration. DOE is
unlikely to be able to pay for the up-front component engineering that is needed.

Continue.
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W H P l 400 1 9 Puget Sound Pilot Tidal Energy Project

Kim Moore, Snohomish Public Utilities District #1
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The bullets below are a compilation of comments made by individual panel members during the evaluation
of this project.

Question 1: Relevance to water industry needs and overall DOE objectives

This project earned a score of 5.0 for its Relevance to water industry needs and overall DOE objectives.
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This project shows a huge success to the MHK industry. The success of this project will benefit both tidal and
wave energy nationally and support future utility involvement in this industry.

Strong example of open, transparent, accountable project planning by utility in high public visibility
environment.

This planned in-water demonstration will provide necessary data for regulatory authorities and utilities about
the issues of siting and permitting of future MHK resources.

Field test to collect data on tidal turbines. This will be a tremendous accomplishment and will provide very
valuable data to the tidal energy industry.
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This is an ambitious and important undertaking that will help define the technology and the environmental
acceptance of tidal power in the U.S. This will directly benefit wave development in the Pacific NW as well
by establishing regulatory precedents and monitoring. This pilot project could also pave the way for
significant tidal energy development in Puget Sound.

Strong example of use of National Labs personnel to address critical market barrier in killer whale impacts
analysis.

Includes development of a life-cycle risk analysis.

The leadership and vision and resources of Snohomish PUD has been extraordinary and DOE providing
support to help make this work is key.

Excellent project site, with high potential as utility-scale grid connected project.

Question 2: Methods and Approach to performing the research and development

This project was rated 5.0 on its methods/approach.

The utility has conducted a very thorough and detailed approach to this project.

Well planned, extensive consultation with all affected stakeholders.

SnoPUD has followed an effective path to achieving approval for an in-water demonstration in a very
environmentally-sensitive area.

Successfully executing a very complicated plan.

Went through site selection process, competition for turbines, FERC licensing process, property acquisition,
and other major steps to ready themselves for a pilot project deployment in a high energy site with unique
environmental resources present.

Innovative use of project documents and deliverables.

SnoPUD has made excellent use of resources within the larger MHK Team (specifically National Labs) to
solve a potentially show-stopping issue (Orca strikes).

Not clear exactly how environmental resources were factored into siting process.

Question 3: Technical accomplishments and progress toward project and DOE goals

This project was rated 4.7 based on technical accomplishments and progress.

It has been a long road for this utility but they have obtained all their regulatory approvals - working with
industry, academics, and national labs to support the progress of this project.

SnoPUD reports 95% across-the-board completion of regulatory steps. This is a significant accomplishment.
Very complicated project, but they have made great progress.

Secured FERC and other regulatory acceptance for deployment. Developed plans for infrastructure and grid
connection. Evaluated numerous tidal turbines and selected technology best suited to the site. Worked with
industry, academia, and government labs to put together all the pieces of a major development effort.
Environmental data collection system is good component - developed by NNMREC - has applicability to
other projects.

using mechanical braking instead of electrical due to line limitations.

O&M cost determination over multi-year basis.

using battery storage for excess electricity produced.

Question 4: Project Management

This project was rated 4.8 on its project management.
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o While this has been a costly project for the utility, it is also the first of its kind.
e Good compliance with project schedule.
e The project seems to be progressing through the permitting processes. This is still a little-understood area

with a lot of uncertainty. SnoPUD should carefully document and share their experiences with the larger
MHK community.

Project is well being well managed through a very complicated process.

Comprehensive approach to permitting and all components of project siting.

It has and continues to overcome numerous environmental and regulatory challenges to get to this point -
likely thanks to strong utility leadership of the course of this project.

Innovative project works and project insurance documentation upgrades with potential cost reduction learning
for entire industry.

Probably because of the large amount of non-Federal money involved, there is little detail that can be used to
make a fair assessment of the effectiveness of the PM effort.

Self-insured and extending to all contractors working on site.

Have overcome a number of technical and environmental obstacles and challenges to get to where they are -
fiber optic cable issues, orca whales.

Schedule may slip a year due to water work windows.

Have a dedicated staff and resources of investor owned utility.

Question 5: Research Integration, Collaboration, and Technology Transfer

This project was rated 4.6 for research integration, collaboration, and technology transfer.

Many of the supporting studies have included academics, national lab, and industry input.

Good work in making all Plans and lessons learned available on the site.

National Laboratory efforts in support of SnoPUD should be a benchmark for future Lab-Industry
collaboration on the MHK Team.

Tremendous coordination with many stakeholders.

Good use of labs to deal with Orca impact analysis.

Important lesson learned about potential challenges of near-shore deployment.

I would like to have seen more public presentations at industry conferences and in the popular media
Partnerships with several groups including PMEC and private developer, labs - projects that the entire US
industry knows about and is following.

Careful efforts to work collaboratively with federal resource agencies will hopefully raise understanding of
MHK development projects and simplify future permitting.

Question 6: Proposed Future Research

This project was rated 4.5 for proposed future research.
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The results from the monitoring plans will be vital for other MHK deployments around the country.

High priority for future permitting.

A successful demonstration of MHK technology with relevant data collection in an environmentally-sensitive
area would be a significant "win" for the industry.

The suggested Iterative improvements in design would be worthwhile if funds are available.

implementation of monitoring plans will be critical for assessing how well these projects can be compatible
with environment.

Deployment next step.
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Strengths and Weaknesses

Project Strengths

o Excellent, consistent project management by experienced utility.

e This is an important demonstration that appears to be well managed and on track.

o Field test of a working tidal turbine will be a tremendous contribution to the tidal energy industry.
e  Utility backing and resources.

Project Weaknesses

e There is no guarantee that regulatory hurdles will be cleared (but this seems likely).
e Sheer costs of siting a project in Puget Sound may make future development prohibitive but this project has
the potential to significantly reduce those costs.

Specific recommendations for additions or deletions to the work scope

e Once approvals are received, carefully monitor the fabrication/deployment for adherence to cost, schedule,
and quality requirements.
e Continue.
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W H P 140020 Advancement of the Kinetic Hydropower System (KHPS) to Department of Energy
(DOE) Technology Readiness Level (TRL) 7/8

Mary Ann Adonizio, Verdant Power Inc.
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The bullets below are a compilation of comments made by individual panel members during the evaluation
of this project.

Question 1: Relevance to water industry needs and overall DOE objectives

This project earned a score of 5.0 for its relevance to water industry needs and overall DOE objectives.

e Another huge success for the MHK industry.
DOE should consider advancing near-to- market tidal power devices as a top priority for Water Power
Program to deliver a mature RE generation source as product of Water Power Program investments and to
gather environmental and O&M information useful for all other MHK device developers.

e The project supports environmental compliance, component tests, as well as O&M projections for the RITE
Pilot Project.
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The environmental compliance instrumentation implementation, component testing, and O&M projections
will provide important data to the tidal energy community.

Not allowed to comment due to work on project.

Verdant has made great strides forward working with the regulatory agencies to achieve this successful
deployment.

Question 2: Methods and Approach to performing the research and development

This project was rated 4.4 on its methods/approach.

Careful project design, building upon prior research funded by USDOE that addresses both the technical and
environmental permitting barriers facing the project in this FERC-licensed site.

The methods are well thought out and should yield good scientific, technical, and cost information in support
of the RITE Pilot Project.

Project is well planned and is being well executed.

Excellent work to leverage IBM work with SmartBay — Galway IRE.

Question 3: Technical accomplishments and progress toward project and DOE goals

This project was rated 4.0 based on technical accomplishments and progress.

This project has allowed Verdant to refine their device design and successfully initiate post-deployment
monitoring methods.

Excellent accomplishments to meet each of 3 Tasks. Impressive work on environmental monitoring using
NREL fish tracking study to characterize fish populations and interaction. Significant accomplishments in
leveraging NY supply chain to develop Task 2 and 3 component development and obtain certification.

The project is behind schedule and has requested a no-cost extension.

Progress satisfactory.

Question 4: Project Management

This project was rated 3.9 on its project management.

Verdant has managed its product development very well, getting full value from USDOE funds and
leveraging those funds effectively to secure additional State funding from NYSERDA and from private
investors.  Successful project results, building sound foundation to progress to TRL 7/8 levels and
deployment of pilot project.

Schedule variances are not explained. Very little of the funding has been spent. The schedule does not give
any indication of the baseline plan; only the revised one.

Project on time and within budget.

Very thoughtful and effective Verdant efforts to obtain regulator and USDOE inputs on project protocols to
assure that project results will meet environmental and technical barriers to development.

The statement that the project will complete within budget is not supported.

Question 5: Research Integration, Collaboration, and Technology Transfer

This project was rated 4.2 for research integration, collaboration, and technology transfer.
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A good collaboration with NREL as well as private partners, including manufacturing and supply chain
specialists.

Effective use of national lab expertise in blade design and test stand development (NREL/NWTC) and fish
studies.

NREL participates as a team member for composite blade testing. This is good use of the capabilities of a
National Laboratory.

Good collaboration with stakeholders.

Impressive collaboration with multiple supply chain vendors (IBM Research Project; SmartBay Project) and
others.

Verdant states that they intend to be a part of the Field Measurement Campaign, assuming that the RITE Pilot
Project moves forward.

Question 6: Proposed Future Research

This project was rated 4.7 for proposed future research.

Based on the results from this deployment (both from a data gathering perspective and regulatory approach),
the next deployment of Verdant's Gen5 KHPS will continue to further the MHK industry in the US.

USDOE should prioritize funding for actual deployment of the RITE Project deployment scheduled for FY
2015.

Future efforts support the RITE Pilot Project, which is a key in-water demonstration of MHK.

Proposed RITE pilot project would be worthwhile if funds are available.

Strengths and Weaknesses

Project Strengths

Exciting to see concrete progress on refinement of commercial beta project at FERC licensed site in urban
setting

e Supports the RITE Pilot Project

e Good coordination.

e Manufacture and O&M cost reduction focus to reduce LCOE
Project Weaknesses

While the noise study component is needed to enable Verdant to address critical market barrier of
environmental permitting requirements, it is frustrating to see $75K of DOE money and private match of
$200K bled off from project critical needs to fund noise study in one of the noisiest marine environment
settings in the world. This is an excellent example of where USDOE could be working with federal and state
regulators to strategically plan where noise studies could be performed to yield highest value and maximum
application to all MHK developers.

Project is behind schedule with no suitable explanation.

Specific recommendations for additions or deletions to the work scope
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This project represents one of the nearest-to-market technologies in USDOE Water Power Program portfolio
and the technology should be prioritized for future funding to complete full commercial deployment.
Continue to monitor this effort carefully to assure that further delays do not impact the RITE Pilot Project.
Continue.
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W H P l 400 2 1 Advanced Integration of Power Take-Off in Vortex Induced Vibrations Aquatic Clean
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The bullets below are a compilation of comments made by individual panel members during the evaluation
of this project.

Question 1: Relevance to water industry needs and overall DOE objectives

This project earned a score of 3.9 for its relevance to water industry needs and overall DOE objectives.

e A good, albeit different, approach to harnessing river energy.

o Effective use of DOE funds to supplement SBIR award to advance promising alternative MHK technology in
TRL 3 to 4 stage.

e The project supports the early-stage development of an MHK technology that is unique in the industry.

e This is a unique technology based on vortex-induced vibrations. Whether or not it can produce significant
amounts of energy is not as yet established. That is what this project is meant to determine.

o Different concept - interesting but not clear how the PTO works or how much power it will be able to
produce.

e Can be used in low velocity sites.
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e Based on fish biomimetics - using vortex induced by motion.
e Cylinders can either be deployed horizontally or vertically.

Question 2: Methods and Approach to performing the research and development

This project was rated 3.8 on its methods/approach.

Uncertain as to how the PTO operates, but it positive to see this device being deployed and operational.

The project follows a sound methodology of analysis and experimental verification.

Well executed project.

PTO looks like a very complex gear driven system but difficult to tell much more about it from schematic
provided.

o It looks like they are going about trying to develop the right way but lack of outside investors makes me
wonder what fatal flaws are.

Question 3: Technical accomplishments and progress toward project and DOE goals

This project was rated 3.4 based on technical accomplishments and progress.

They have a device in the water - that is a major milestone.

The results that have been obtained are good, but the schedule has slipped significantly.

Lab and field tests done.

Installation in St. Clair River in Ml in 2012,

Use of multi-cylinders created synergistic result - more output from closely spaced cylinders.
Trying to raise from TRL 4 to higher - now between TRL 5 and 6.

Question 4: Project Management

This project was rated 3.2 on its project management.

The schedule shows a 9-month schedule variance without explanation.
Well managed project.

Project largely complete?

Unable to assess cost performance.

Question 5: Research Integration, Collaboration, and Technology Transfer

This project was rated 3.7 for research integration, collaboration, and technology transfer.

A good team of collaborators including academic, public, and private partners.

o Great to have a University of Michigan spinoff technology as basis of research collaboration.
Vortex Hydro is a university spin-off that has taken VIVACE from the lab to the water. The culture supports
substantial publications.

e Working with industry and academia but 2013 did not include funding from outside sources.
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Question 6: Proposed Future Research

This project was rated 3.0 for proposed future research.

A large scale deployment, combined with advanced PTO, may provide very exciting results.

Would be helpful for USDOE to introduce the recipient to USN and Manufacturing Extension Partnership to
assure that they have been able to tap all publicly available research within federal government applicable to
the technology.

No discussion of future plans beyond the two SBIR projects.

The synergistic optimization is interesting if it could lead to greater output from smaller area.

How would this device operate in the tidal/marine environment?

Strengths and Weaknesses

Project Strengths

VIVACE is a unigue concept that deserves low-level support.
High power density, that is, power generated per weight of device.
Can work at low speeds.

Project Weaknesses

Not clear how the Vivace Power Takeoff System research can/will tap into and build upon the ongoing
national lab research on same topic.

VIVACE is a long way from a significant demonstration and the Vortex Hydro Team seems unlikely to be
able to pull one off without a serious industrial partner.

Uncertain whether or not this will develop into a practical device for extracting MHK energy.

Does the requisite expertise reside within academic communities, or would this project benefit from more
robust participation of manufacturing and engineering firms expert in the area?

Specific recommendations for additions or deletions to the work scope
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It might be good to see the Vortex team solicit national lab input (i.e., V. Neary).
I don't see this going very far without a serious industrial partner.
Continue.
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The bullets below are a compilation of comments made by individual panel members during the evaluation
of this project.

Question 1: Relevance to water industry needs and overall DOE objectives

This project earned a score of 4.5 for its relevance to water industry needs and overall DOE objectives.
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This is a good collaboration between the national labs and industry to advance TRL 7/8 projects.

Project provides support to RITE Pilot Project by performing tests on composite blades for Verdant Power
Very relevant. Brings DOE lab experience to MHK firms. Leverages relevant experience to de-risk MHK
projects in support of industry.

This effort attempts to leverage lessons learned from water energy industry through National labs working
directly with Project developers. This seems like a very good use of the brains and other resources of the labs
- working directly on projects with developers allows for experiences to be directed at specific problem
solving.
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e Project provides support to TideGen Demonstration Project by performing reviews of the system design and
findings from in-water testing for ORPC.

e Applying wind engineering experience.

e Support to OPT has been delayed by difficulty in executing a CRADA.

Question 2: Methods and Approach to performing the research and development

This project was rated 4.0 on its methods/approach.

e Positive: Building off experience from other industries.

e This project makes good use of the resources of the National Laboratories in support of MHK industrial
partners.

e Methods worked well for Verdant Power and Ocean Renewable Power Corporation.

e Building off knowledge and tools that were developed in support of the wind industry is a good approach to
avoid repeating mistakes and/or redoing work.

e Collaboration with two leading tidal energy developers.

e A process exists for selecting the projects to be helped.

Question 3: Technical accomplishments and progress toward project and DOE goals

This project was rated 4.0 based on technical accomplishments and progress.

NREL provided support for testing of composite blades to Verdant Power based on Wind Power experience.
Good results for Verdant Power and Ocean Renewable Power Corporation.

Verdant - applied blade testing from wind to hydrokinetic ORPC - helped identify system refinements.
NREL & SNL provided design and test data review to ORPC.

Question 4: Project Management

This project was rated 3.3 on its project management.

This is basically a level of effort task in support of industry, with spending that is far below available funding
o Well managed.
Budget summary difficult to understand but it looks like work is being accomplished for less than the budget
allocated which should be a positive.
e Project appears to be on schedule.
Spend Plan for FY14 is not realistic and simply indicates that available funds will be spent. It doesn't appear
to be tied to the planned scope of work.
e Support to TC-114 TAG should be allocated to separate project reviewed later.

Question 5: Research Integration, Collaboration, and Technology Transfer

This project was rated 4.3 for research integration, collaboration, and technology transfer.

A strong collaboration of national labs working with industry.

e This project is a very low-cost way to utilize the talents in the National Laboratories for the benefit of the
MHK Industry.

e Good collaboration with industry. (Verdant Power, Ocean Renewable Power Corporation).

e Good collaboration with some of leading US developers.
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Question 6: Proposed Future Research

This project was rated 3.9 for proposed future research.

e FY14 tasking effectively supports industry (now including OPT).

e Continue laboratories assistance to industry into the future if funding is available.
o Future research anticipates continued partnerships with developers.

Strengths and Weaknesses

Project Strengths

o Applies the technical and scientific talent in the National Labs to real problems facing the MHK Industry.

o Direct assistance to MHK industry by leveraging what has been learned in wind energy development.

e By partnering with Industry and understanding the challenges that they face, the National Labs are better able
to support the needs of the MHK Industry.

Project Weaknesses
e This project is challenging to effectively manage. The scope was unknowable at the time of initiation, but has
evolved.

e Budgeting has clearly been difficult and a fair amount of funds are allocated, but are unlikely to be spent.

Specific recommendations for additions or deletions to the work scope

e While this is a productive effort that should continue, DOE should also be aware of possible unnecessary
efforts and consider this project as a possible source for recoverable funding.
e Continue.
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WHP1 40023 Industry Support: ORPC

Vincent Neary, Sandia National Laboratories
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The bullets below are a compilation of comments made by individual panel members during the evaluation
of this project.

Question 1: Relevance to water industry needs and overall DOE objectives

This project earned a score of 4.4 for its Relevance to water industry needs and overall DOE objectives.

e This project is a good example of a device designer (ORPC) leveraging the national labs expertise.

e Project provides critical information to accelerate potential near-term commercialization of MHK technology
in canal deployment.

e Leverages DOE experience in wind energy to increase probably of success.

e Very relevant. Brings DOE lab experience to MHK firms. Leverages relevant experience to de-risk MHK
projects in support of industry.

e Focusing on use of models developed for wind and applicability to marine hydrokinetics - providing analysis
of structural strength and other aspects. Not clear if this is summary of one aspect of previous presentation or
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a distinct and separate project. In any event appears to be a positive collaboration between lab and private
developer, leveraging information and models gained through wind program to advance MHK.

Applying wind engineering experience.

Cross-flow turbine models from wind.

Using array optimization model from Sandia to improve site performance.

Potential straight blade design?

Question 2: Methods and Approach to performing the research and development

This project was rated 3.9 on its methods/approach.

e This is a good example of leveraging the knowledge bases from another industry (i.e., wind) to enhance a
tidal device.

o Well-designed approach to test both the device performance and impacts on the water operations in the canals

using actual HK device of Instream Energy System, and to develop best practices manuals on these topics, but

limiting study to only one device may limit study value.

Applying CACTUS model to TidGen provides a capability that the Company might not otherwise have

Methods worked well for Verdant Power and Ocean Renewable Power Corporation.

Appears to be a well-designed approach.

Positive: looking at how models from other industries can be used for the tidal industry and not re-inventing

the wheel.

Subject matter expert-level review of TidGen design provided important manufacturing comments.

e A process exists for selecting the projects to be helped.
Using validated hydrodynamic models to optimize turbine arrays will be critically important for developers as
they seek to build out commercial arrays - this will inform the size and environmental footprint of the site as
well as energy output and could have direct relation to fish and marine mammal interactions.

Question 3: Technical accomplishments and progress toward project and DOE goals

This project was rated 3.4 based on technical accomplishments and progress.

e It is somewhat confusing - straight blades on the ORPC turbine? Wouldn't ORPC have already investigated
this? It seems somewhat of a backtrack and not an advancement.
Good progress on project planning; most project work to be done.
Expertise in the National Labs appears to have been put to productive use and has achieved good results
Good results for Ocean Renewable Power Corporation.
Potential straight blade design for ORPC turbine? Models suggesting consideration of a complete design
change and this is under further investigation. Could yield a new and better design or could be a wild goose
chase so tough to evaluate.
Field validation is paramount - it is good to see the national lab getting sensors on a deployed device.
e Delays in identifying suitable tasks for the Lab are understandable.
The findings from array optimization appear positive.

Question 4: Project Management

This project was rated 2.9 on its project management.

e The national labs and industry need to refine the contracting process - this is obviously causing delays in the
progress of these projects.
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e Schedule variances are significant, but explained adequately.
¢ Well managed.
e Behind schedule due to contract negotiations. Perhaps alternate design considerations have also delayed.

Project summary discusses testing of composite material in seawater. Not clear if this was part of original
scope or if it will impact schedule.

Project Backlog (available budget including carryover) is growing to the point where it is unlikely to be spent.
This indicates that annual budget requests have been excessive.

Future (FY14 and beyond) is not reflected in the schedule.

Question 5: Research Integration, Collaboration, and Technology Transfer

This project was rated 4.1 for research integration, collaboration, and technology transfer.

Good industry and lab collaboration.

Good collaboration with US Bureau of Reclamation, Device owner (Instream Energy System), and consultant
team in project design.

This project is a very low-cost way to utilize the talents in the National Laboratories for the benefit of the
MHK Industry.

Good collaboration with Ocean Renewable Power Corporation.

Appears to have solid industry and lab collaboration.

Question 6: Proposed Future Research

This project was rated 3.3 for proposed future research.

It will be difficult for labs to do additional research if no device is going in the water in the near future, such
as with ORPC.

Emphasis should shift to actual product testing, rather than model development.

The FY 14 tasking is surprising; it seems to contain scope that would be better performed within ORPC
Continue laboratories assistance to industry into the future if funding is available.

Not clear if there will be future research - may depend on whether ORPC wants to consider alternate design.
Proposed Future Research seems quite speculative and may not have been adequately coordinated with
ORPC.

Strengths and Weaknesses

Project Strengths

o Applies the technical and scientific talent in the National Labs to real problems facing the MHK Industry.

o Direct assistance to MHK industry by leveraging what has been learned in wind energy development.

e By partnering with Industry and understanding the challenges that they face, the National Labs are better able
to support the needs of the MHK Industry.

Project Weaknesses
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Project backlog is at an unacceptable level relative to prior annual spending. These funds should be freed up
for other efforts.
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Specific recommendations for additions or deletions to the work scope

e Any future funding should shift to actual product testing.

o While this is a productive effort that should continue, DOE should be aware of possible unnecessary efforts
and consider this project as a possible source for recoverable funding.
e Continue.
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W H P 140024 Performance Testing for Hydrokinetic Canal Effects NEW

Vincent Neary, Sandia National Laboratories
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The bullets below are a compilation of comments made by individual panel members during the evaluation
of this project.

Question 1: Relevance to water industry needs and overall DOE objectives

This project earned a score of 3.6 for its Relevance to water industry needs and overall DOE objectives.

e This is a very good use of existing infrastructure to support microgeneration projects.

e The Project will provide guidance for predicting the performance of MHK installations in canals to produce
power for local needs.

e This is a unique technology application in that it is based on extracting energy from canal flows. Whether or
not it can produce significant amounts of energy is not as yet established. That is what this project is meant to
determine.

o Hydrokinetic devices in canals and waterways an important potential source of energy. Gathering data on an
existing device and its impact to water conveyance and upstream or downstream conventional hydropower
will be important and useful information.
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e The Project will also provide an approach for quantifying the impact on the waterway.
e Performance testing and analysis in controlled yet natural environment provides a unique opportunity to

control potential variables that would occur in river or tidal situation.
Applicable to canals - lot of canal resources available - potential to measure headlosses at existing hydros.

Question 2: Methods and Approach to performing the research and development

This project was rated 4.1 on its methods/approach.

SNL has surveyed a canal and produced a test plan.

Good plan.

It appears to be a very well thought out approach, based on field reconnaissance last year, measurements will
be taken during a few times of the year that will bracket expected conditions (i.e. min and max flows), and
with turbine in and out of water. This should yield excellent data for use in validating models and other
purposes.

Working with an existing site great way to piggyback data collection.

Strengths and Weaknesses

Project Strengths

o Effectively uses National Lab resources to support an effort that might be undertaken by the BOR or USACE.
o Measurement of flow recovery in the wake of the turbine will help other developers.

e Using an existing site, partnering with industry and government (BuRec).

e Head loss measurements will be valuable, particularly if it is shown to be negligible.

Project Weaknesses

It is unclear that there is a market for the power.

Specific recommendations for additions or deletions to the work scope
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Continue at a low level.
Continue.
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W H P 140025 Materials & Coatings + Manufacture Reliability

Bernadette A. Hernandez-Sanchez, Sandia National Laboratories (Lead)
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The bullets below are a compilation of comments made by individual panel members during the evaluation
of this project.

Question 1: Relevance to water industry needs and overall DOE objectives

This project earned a score of 3.7 for its Relevance to water industry needs and overall DOE objectives.

e | understand how this research will benefit MHK; however, this research would support any marine-based
industry and does not necessarily meet DOE's overall objectives.

e Critical to MHK industry future and sustainability, but project needs to be reframed and restructured to
include new partners and approach.

e This Project seeks to assist the MHK Industry with material problems that have been experienced during in-
water deployments.
Very relevant because materials biofouling and corrosion affects all MHK devices.

o Very useful to test coatings to prevent biofouling and corrosion - could help developers considerably.
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Why is so much MHK funds going to this research that is concurrently being done by the navy, oil & gas, and
shipping industries?

Toxicity issues need to be solved so beneficial.

Are we leveraging enough off of work done by oil and gas industry and Navy?

Question 2: Methods and Approach to performing the research and development

This project was rated 3.2 on its methods/approach.

The approach appears to be well thought out and very logical.

Excellent use of Sandia expertise to leverage experience in wind and other industries to solve coatings and
biofouling issues for MHK.

SNL is likely to be performing work that the Navy and the Commercial Shipbuilding Industry have already
performed.

It is crucial that the Department of Defense and the oil industry are being consulted on this project. Both
groups have been dealing with materials in the ocean environment for many decades.

Started with lit search and sitting in on MHK review - also reaching out to developers to understand issues
But project methodology and approach is not effective with regard to assessing prior research and identifying
most likely antifoulants and anticorrosion agents. The project summary makes clear that Sandia plans to start
consultation with USN after extensive preliminary research. That should have been first step.

Need to determine international research outcomes to date in MHK field and beyond.

Need a more cost-effective, powerful collaboration in project design, creating cost-sharing approach and
avoiding use of MHK scarce research dollars where the outcomes will benefit many industries.

Question 3: Technical accomplishments and progress toward project and DOE goals

This project was rated 4.0 based on technical accomplishments and progress.

The team has done a vast amount of work and testing, incorporating a large number of teaming partners.
The results of the scientific work to date have been impressive.

Some significant results already found.

Developing and testing new materials based on review of existing and needed.

Developed database of coatings and composites to provide guidance to industry.

Looking at effects of salt water on composites - composite material that has been diffused.

No acute toxicity with freshwater fish.

Question 4: Project Management

This project was rated 2.7 on its project management.
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It is hard to determine how much of the budget presented was specifically for this project. If all the funds
were dedicated to this project, the results do not justify the effort. As there appears to be duplication of efforts
from other industries working on the same problem.

Project may well have issues with executing within scope and on-time if extensive first generation testing is
needed to identify likely materials for antifouling applications. Much more effective to start with USN work
to date.

Schedule variance was explained.

Need to ensure DoD and oil industry are consulted.
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e Sizable sums of money spent and some small amounts leveraged from other areas. How much does some of
this original research benefit Navy and/or oil and gas industry and are there funds available from there?

¢ Unable to evaluate the comment "No variance from spend plan for FY12, 13" based on the data given.

e Unless the budget numbers include carryover (likely), the spending is very high for the results obtained.

Question 5: Research Integration, Collaboration, and Technology Transfer

This project was rated 2.9 for research integration, collaboration, and technology transfer.

Positive: Team worked with paint manufacturers.

Good effort to coordinate among labs, but not with other federal agencies or private/academic sectors.
An impressive team of researchers and publications.

Need to ensure DoD and oil industry are consulted.

Teaming with a number of universities - chose ND State because of direct marine experience.

This research needs the input of the Navy and Shipbuilding Industry.

Question 6: Proposed Future Research

This project was rated 3.1 for proposed future research.

e Research is needed, but on more collaborative basis.

o Current effort is a logical conclusion to the effort. The proposed future research doesn't seem helpful for the
MHK Industry at this time.

e Proposed future research is worthwhile.

o Determining costs will be important as materials and coatings that are affordable to industry will be key to
their usefulness.

Strengths and Weaknesses

Project Strengths

e An impressive scientific team has taken a look at material problems facing the MHK Industry. | am a bit
perplexed as to why the MHK System Developers haven't done this in-house.
e Good technical results.

Project Weaknesses
e The Team has apparently not reached out to people who have probably been working on these problems for
decades.

e Collaboration seems limited.

Specific recommendations for additions or deletions to the work scope

e | do not see this as a "MHK-specific" project; this is a marine industry-specific project that will need to be
addressed by the Navy, USCG, shipping industry, and oil & gas, etc.

o USDOE research dollars for MHK industry are not likely to cure this issue alone effectively. USDOE should
coordinate work of DOD, Coast Guard, and international MHK sector, inviting private sector participation

e At this point, feedback from System Developers is essential. If Systems Developers consider this helpful
continue it, otherwise consider completing the ongoing research and stopping the effort.

e Continue. Expand collaboration.
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¢ Funding should be supported by other industries as well, not just MHK.
e Continue. Expand collaboration.
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W H P l 4002 6 Advanced Materials and Manufacturing .Reliability
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The bullets below are a compilation of comments made by individual panel members during the evaluation
of this project.

Question 1: Relevance to water industry needs and overall DOE objectives

This project earned a score of 4.1 for its Relevance to water industry needs and overall DOE objectives.

e Forareasonable cost to the overall MHK budget, this is a very effective study.

e Project of developing advanced materials and manufacturing reliability for biofouling issues is critical, but
not clear that project is designed to avoid duplication and to tap prior research funded by federal government,
private sector and MHK international community.

e The Project compares experimental anti-biofouling materials against commercially-available products, but
there is no stated reason to believe that the commercial products are inadequate.

Very relevant because biofouling is a common problem for all MHK devices.

o field testing of anti-fouling compounds.
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Question 2: Methods and Approach to performing the research and development

This project was rated 3.2 on its methods/approach.

e Same concerns as listed under Biofouling study; this project is designed without an overview analysis of prior
and current ongoing research in the field by other federal, international and academic centers and completely
misses the USN ongoing programs.

e The scientific approach is sound.

It is crucial that the Department of Defense and the oil industry are being consulted on this project. Both

groups have been dealing with biofouling of materials in the ocean environment for many decades.

Uses state of the art approaches.

Looking at both non-velocity and high velocity (and in-between).

Developing toxicity assays.

Assessing areas exposed to sunlight and not exposed to sunlight - big differences.

Question 3: Technical accomplishments and progress toward project and DOE goals

This project was rated 3.8 based on technical accomplishments and progress.

e The implementation of the project as designed seems to have good progress, but project design is limited.
The Project is just getting started, but seems to be progressing well with only a few normal material
procurement delays.

e Laboratory tests ongoing.

e Project just started.

Question 4: Project Management

This project was rated 3.3 on its project management.

o Management of project as designed appears good, but the project management should have assured that the
state of play in research was fully understood and referenced.
The scope is well defined and of low cost; risk is negligible.

o Need to ensure DoD and oil industry are consulted.
Schedule staggered and based on testing schedules - appears to be well thought out.

Question 5: Research Integration, Collaboration, and Technology Transfer

This project was rated 3.0 for research integration, collaboration, and technology transfer.

o No results to share as of yet.

Serious lack of creativity in designing truly integrated research approach for a project that affects so many
marine industries.

Solid research team. Too early to have publishable results.

Need to ensure DoD and oil industry are consulted.

Working with universities, Sandia, potential collaboration with Navy, oil industry.

No results yet to disseminate.

120




U.S. DEPARTMENT OF Energy Efﬁciency &

ENERGY  Renewable Energy MHK Panel Results and Project Evaluations

Question 6: Proposed Future Research

This project was rated 3.0 for proposed future research.

¢ Not applicable.

o High funding priority for a revised collaborative project approach in cost sharing with other federal agencies,
private sector.

o No Proposed Research beyond FY14.

¢ None mentioned.

e Not Applicable - doesn't seem to be future research proposed.

Strengths and Weaknesses

Project Strengths

e This Project represents a low-risk, low-cost, independent look at anti-biofouling materials by a highly
qualified research team
e Good technical results.

Project Weaknesses

e There is no apparent urgent need for improvements to commercial products.
e Collaboration seems limited.

Specific recommendations for additions or deletions to the work scope

e Suspend project, hold consultations with DOD, coast guard, international community and private sector and
re-design if possible for collaborative approach.

o Despite the lack of urgency, this is a very low-cost research project that will expose academic researchers and
their students to the MHK Industry.

e Continue. Expand collaboration.
There is an upside opportunity that an improved material is identified that could be a benefit to shipbuilding
as well as MHK which makes this a sound investment.
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W H P 14002 7 Reliability and Survivability Risk Assessment Framework NEW

Walt Musial, National Renewable Energy Laboratory
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The bullets below are a compilation of comments made by individual panel members during the evaluation
of this project.

Question 1: Relevance to water industry needs and overall DOE objectives

This project earned a score of 3.6 for its Relevance to water industry needs and overall DOE objectives.

e The development of standards and instrumentation is key for the MHK industry to move forward.

e The project objectives are critical to the development of the MHK industry, by learning from the failures
encountered in the R&D process for all MHK companies.

e The Project seeks to develop an MHK-specific Risk Management Framework. Risk Management is a well-
established process with procedures that are documented in military and industrial standards. The case for
developing a procedure specific to MHK has not been made.

e Risk management is applicable to all MHK projects. Results from this work will provide crucial information
to MHK developers as well as potential investors.
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e Understanding failure modes and effects from MHK to reduce/mitigate risks - can't really argue with the
concept, no one wants projects to fail, but it doesn't seem like this has been really well-thought out yet and not
clear that it will develop anything new that the industry is not already aware of.

Question 2: Methods and Approach to performing the research and development

This project was rated 3.3 on its methods/approach.

o Interview of industry failure participants may not prove feasible, but no options at this stage.

The approach begins with a literature survey. This implies to me that NREL personnel are familiarizing
themselves with Risk Management. The NREL Team is clearly capable of reaching a high level of
competence quickly, but I do not think that this is a good use of their scientific capability.

e Well planned.

Project is largely conceptual at present but will include some outreach to developers.

e No Industrial Partner is listed as having signed on. | would be very surprised if most do not have a Risk
Management process that is suited to their products. OPT is particularly process-oriented.

e This effort should involve FERC - they have novel approaches for assessing potential failure modes at dams
that may be useful to MHK developers - and could also help develop supporting design report needed for
FERC license applications.

e The "risk cube™ shown in the presentation is not a traditional one. I've never seen so many squares marked
Red and the use of a fourth, but Green category is very unusual.

o Discusses reviewing international failures but does not discuss seeking out international design standards and
basis for development which would be important.

e The future work proposed is not consistent with my understanding of the process of Risk Management. It
seems to cross the line into Quality Control/Assurance.

Strengths and Weaknesses

Project Strengths

e Quality has clearly been a problem in early in-water demonstrations. Having Industrial Partners follow
established and documented Risk Management procedures throughout the development cycle is one of many
things that will produce higher Quality in the long run.

¢ Risk management is applicable to all MHK projects. Results from this work will provide crucial information
to MHK developers as well as potential investors.

Project Weaknesses

o Risk Management is a well-established process and most of the Industrial Partners undoubtedly have
established procedures in place. Solicitations always require an initial Risk Assessment.

Specific recommendations for additions or deletions to the work scope

e In my opinion, the scientific resources within NREL could be put to better use. | recommend that this effort
not continue beyond the current tasking.
e Continue.
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W H P 140028 MHK Manufacturing Needs Assessment and Cost Database NEW

Derek Petch, National Renewable Energy Laboratory
WHP140028

Project Title:

MHK Manufacturing
Needs Assessment and
Cost Database NEW

Principal Investigator:

Derek Petch

Organization:

National Renewable 0.0

Energy Laboratory

Relevance | Methods TechTrans

Panel:

Technology Advancement I

Bud et, 1.2.3.4.5]|1.2.3.4.5(1.2.3.4.5]|1.2.3.4.5(1.2.3.4.
g - Standard Deviations
from Review Average

$400,000 DOE Performance X-axis

Relevance Y-axis

$0 Cost-Share

Methods

Relevance
TechTrans

Relevance
TechTrans

Metric Performance - Scoring Driver
n n 30 20 -0 00 1o 20 3 9 A
Review Wide 0 20 o o do fo go Project Specific

The bullets below are a compilation of comments made by individual panel members during the evaluation
of this project.

Question 1: Relevance to water industry needs and overall DOE objectives

This project earned a score of 3.8 for its Relevance to water industry needs and overall DOE objectives.

e Manufacturing needs assessment and manufacturing supply chain development would be valuable to MHK
industry development, but not clear if this level of project funding is required to complete the assessment.

e The Project seeks to ensure that the US can competitively manufacture MHK devices. This Goal will only be
achieved with significant participation from the Industrial Partners and there is no indication of buy-in.

e Producing a manufacturing needs assessment and a cost database will be extremely helpful to the MHK
industry.

e How to help get US Manufacturing industry engaged in domestic and international marketplace for MHK
devices. This seems a little premature without a viable commercial market for these devices established.
Need to significantly reduce cost of energy and simultaneously increase regulatory acceptance for arrays of
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devices before any mass production could occur. As demand for devices goes up there would be more
entrants to the marketplace but who enters and which components are being made would be highly dependent
on what's going on at that time in other industries where manufacturers would likely come from (i.e. defense,
oil and gas, etc.). In my opinion, any results would be highly speculative at this point in time.

e The Project also seeks to provide DOE with a database of manufacturing and device costs for the purposes of
strategic decision making. While this seems to be a secondary objective, it is probably of a higher priority.

Question 2: Methods and Approach to performing the research and development

This project was rated 3.7 on its methods/approach.

o What happens when a "need" has been identified?

e Not clear how the international manufacturing supply chain will be assessed and evaluated in this project,
except in the SWOT analysis segment.

e The approach for the US Manufacturing Needs Assessment is sound for a study that is beginning from

""square one".

Well planned.

Started with literature review - down select technology.

The approach for the CBS database is to build from work previously performed for other types of devices.

Will interview and work with stakeholders to identify needs.

Strengths and Weaknesses

Project Strengths

o Encompasses all MHK device needs and applicable to all MHK industry (wave, tidal, instream, etc.).
e Developing manufacturing capacity assessment is helpful for MHK developers.

e The Goals of both sub-projects align well with DOE priorities for MHK.

e Addresses two significant needs of the MHK industry: manufacturing needs and cost database.

e The Manufacturing Needs Assessment could benefit the US MHK Industry if they participate openly.

Project Weaknesses

o Needs a stronger direction as to how the team will reach out to the industry.

o Not clear that the granular detail of manufacturing supply chain can be captured in this study.

e The Manufacturing Needs Assessment will be more likely to succeed if the Industry Partners are "bought in."
Past issues related to IP cast doubt onto open participation.

o Need greater collaboration with states (which have generally invested significant funds in profiling their
manufacturing base) and industry groups which have worked to map the manufacturing supply chain and
MHK cluster participants throughout the US.

Specific recommendations for additions or deletions to the work scope

Outreach to States and Manufacturing Extension Partnership, as well as trade groups is essential.

DOE should encourage participation by Industry in the Manufacturing Needs Assessment.

Continue.

DOE should carefully monitor the progress of the necessary legal agreements for the Manufacturing Needs
Assessment, expediting where necessary.

e DOE should proceed with the Cost Database regardless of the results of the Manufacturing Needs
Assessment.
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o Why are the results of a study that is aimed at making the US more competitive being presented at a "Global"
forum? | may be missing something, but this seems to defeat the purpose of the effort.
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W H P 14002 9 Introduction to the System Performance and Advancement (SPA) FOA NEW
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The bullets below are a compilation of comments made by individual panel members during the evaluation
of this project.

Question 1: Relevance to water industry needs and overall DOE objectives

This project earned a score of 4.9 for its Relevance to water industry needs and overall DOE objectives.

e Positive: This is a focused and targeted project supporting the advancement of the reliability of devices being
developed.

e FOA is well designed to meet most urgent development needs of MHK industry.

e The SPA FOA targets improvements to the performance of specific generic components of existing MHK
Systems. The FOA targets improvements that will lead to higher PWR and lower LCOE.

e Concentration on advanced controls, power take off, and optimized structures will benefit many different
types of MHK devices. In other words, the results should be broadly applicable.
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These are significant and major projects that should directly benefit development of the industry. A number
of private developers teaming with other members of industry, national renewable energy lab, and universities
to develop specific aspects of a number of near commercial machines.

The SPA FOA directly supports DOE Goals and increased numbers of in-water demonstrations.

Research in controls, PTOs, and structures focused on increasing power and system availability, reducing
costs.

Good to get industry participation, reaching out internationally - looking at developing component and
hardware aspects.

Some projects still in negotiation 6+ mos. after award but reasons put forth - metrics, accountability, make
sense.

Question 2: Methods and Approach to performing the research and development

This project was rated 4.6 on its methods/approach.

Strong emphasis on development of targeted existing systems to move technology to commercialization is
pragmatic and effective.

The approach of improving performance of existing systems provides a good path to increased numbers of in-
water demonstrations.

Agree with the three focus areas: advanced controls, power take-off, and optimized structures.

ORPC - Following what wind would do with Lidar - looking at what turbulence will do - improve device.
Wave - Dehlsen Assoc. = software only. Multipod centipede device - looking at controls for rapid tuning and
phase control. Optimizing performance for various wave heights and periods.

Resolute - WEC control system software and hardware - deterministic controls with foreknowledge of waves.
How do they get 67% and 41% numbers - seem more specific than they should be?

PTO - ABB -creating a direct drive generator to replace hydraulic hose to shore - looking at advanced
generator with integrated magnetic bearing.

Columbia Power technologies - looking at existing direct drive generator - how to reduce size and still get
output - 630 kw direct drive.

ORPC - PTO - full scale demo of wet gap generator - reduces risk bearings to reduce friction in extreme
environments.

Strengths and Weaknesses

Project Strengths
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A technology-incentive funding mechanism that will allow industry to advance.

Significant progress to enable MHK developers to advance technology development and address most critical
barriers.

The SPA FOA emphasizes improvements of near-term systems leading to greater numbers of in-water
demonstrations.

I like the plan to improve the components of MHK devices.

Ocean energy USA - first project they've had in US. - looking at manufacturing - steel vs concrete hull design
for Oscillating water column - geometric optimization of interior of structure - engages US shipbuilders and
marine construction.

Good range of technologies funded and PTO types.

OPT - Maximized power to weight ratio looking at composites in design. Reduce friction of key components
of spar and float to increase power and reduce cost.

How proprietary is info - each would be - secondary benefits.
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Schedule drivers on contracts - due to negotiating metrics for how to evaluate.

Project Weaknesses

Inability to create funding lines that will take the companies through the full development cycle; gated by
performance milestones leaves companies at risk of stranded funding, and possible failure due to lack of
private investment, even though technology is sound.

No obvious weaknesses at this time.

I am concerned about the proprietary nature of the work.

Specific recommendations for additions or deletions to the work scope
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It appears some of the research funded under this FOA could be applicable to the RM's discussed in the first
session on Monday. For example, ORPC's advanced energy harvesting control schemes appeared to overlap
some of the work being proposed by NREL's field testing (see: WH2140008). Is there an opportunity to
connect/consolidate these types of studies?

Consider funding options that would enable company to have access to DOE funding to bring technology
through full development, subject to matching funds and successful performance of milestones. Lack of
private investment makes USDOE funding critical through successful beta test demonstration of commercial
pilot project.

This is a very high profile effort with a great deal of upside potential. Monitor progress of the performers
carefully.

Continue.

Consider a DARPA-like model that encourages collaboration between the Industrial Partners, but only if this
is not too great a departure from existing corporate cultures.
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6.3  Market Acceleration and Deployment

The Water Power Program works to reduce the time and costs associated with siting water power projects; to
better quantify the potential magnitude, costs, and benefits of water power generation; and to identify and address
other barriers to deployment. The program is currently funding studies that examine the potential effects of
marine and hydrokinetic technologies on specific marine species and their ecosystems, assessing the total amount
of recoverable energy that can be obtained from the nation's waves, tides, ocean currents, undammed rivers and
streams, and ocean thermal gradients, and conducting economic analyses to quantify the benefits of the
widespread deployment of effective and cost-competitive marine and hydrokinetic systems.

Table 6.3.1 lists the existing Market Acceleration and Deployment MHK projects that were reviewed during the
2014 Peer Review meeting. Figure 6.3.1 illustrates the standard deviation of scoring of the existing Market
Acceleration and Deployment MHK projects in relation to the scoring of all projects reviewed in 2014.

Addressing Comments for Market Acceleration and Deployment Projects

The MHK Peer Review Panelists recorded many useful and actionable comments during their review of the
program’s Market Acceleration and Deployment projects. These comments will be used to make key decisions
and recommendations to those projects that will still be receiving continued funding into future fiscal years, and
will help guide Water Power Program decision making and strategy into the future.

In general, the Program’s Market Acceleration and Deployment activities were well-received by reviewers. Most
of the critical feedback received regarding the Market Acceleration and Deployment activities focused on:
involving stakeholders, particularly the regulatory community, during the project development stages; validating
the findings of specific efforts with external parties, or ensuring the proper transfer of the information derived
from specific projects. These comments are all addressed specifically through the program’s new emphasis on
merit reviews, active project management, and tech to market activities that have been or will be incorporated into
program operations. Additionally, in the coming years, the Program’s Annex IV international environmental
sharing initiative will be strategically focused on developing a community of practice regarding MHK
environmental research to help ensure data is actively disseminated and that input from a broad range of
stakeholders in incorporated into the Program’s environmental portfolio development. Finally, the Program’s
work with the Federal Renewable Ocean Energy Working Group helps ensure that the Program’s environmental
research portfolio is developed with input from the broader Federal community, especially the MHK regulatory
community, and the Program plans to continue to work with this group to ensure that the Portfolio meets the
needs of decision makers who will be utilizing the outcomes of the research.

Table 6.3.1 Existing Market Acceleration and Deployment MHK projects
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Table 6.3.2 lists the new Market Acceleration and Deployment MHK projects that were reviewed during the 2014
Peer Review meeting. Figure 6.3.2 illustrates the standard deviation of scoring of the new Market Acceleration
and Deployment MHK projects in relation to the scoring of all projects reviewed in 2014.

Table 6.3.2 New Market Acceleration and Deployment MHK projects
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WHP1 400 30 Alden/ORNL Strike Flume Studies

Mark Bevelhimer, Oak Ridge National Laboratory
WHP140030
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The bullets below are a compilation of comments made by individual panel members during the
evaluation of this project.

Question 1: Relevance to water industry needs and overall DOE objectives

This project earned a score of 4.2 for its Relevance to water industry needs and overall DOE objectives.

e This study will help the regulatory agencies understand more of the limited impacts select MHK devices
would have on fish.

e Accurate characterization of the potential for fish interaction with various MHK devices is very important to
advancement of industry permitting.

e This Project evaluated a potential environmental concern (injury to fish by MHK devices) and is an excellent
step toward reducing deployment barriers.
I was not present for this presentation.

e This type of information is helpful to prove to agencies that hydrokinetic devices won't adversely affect fish
populations. Most fishery scientists that | know agree that fish will avoid turbines but regulators need to see
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demonstrated proof of this before they will be comfortable agreeing to installations. This information helps
to show that fish introduced directly into turbines would avoid the blades.

o Found pretty high survival rates.

e Survival and behavior of fish exposed to hydrokinetic turbines

buestion 2: Methods and Approach to performing the research and development

This project was rated 4.1 on its methods/approach.

Obviously limited by space of the fume the study was conducted in, but methodology was accurate.

Fish size and range of blade speeds not addressed; what additional research needed to address these issues?

The two-fold approach of studying avoidance and mortality (due to lack of avoidance) is very thorough

Used an actual turbine in a flume where fish could be observed going through the unit - used both night and

day testing.

e Important to discuss method and approach of study with federal services agencies to determine their
receptivity to the data - if they will require in situ testing of specific marine device, this study method and
approach will have limited or no utility to resolving the environmental permitting issues.

o Developed introduction system with net behind to keep fish directed through the unit.

Question 3: Technical accomplishments and progress toward project and DOE goals

This project was rated 4.4 based on technical accomplishments and progress.

e The progress was excellent, the results were presented, and only the publication of the report remains.

o Very useful data - can be used in conjunction with the numerous studies that have been done at conventional
hydroelectric sites and used to show that fish strike and mortality risk should be very low.

e The fact that the results were favorable (in the sense that mortality is low and avoidance is good) is a plus.

Question 4: Project Management

This project was rated 4.0 on its project management.

e The only minor delay was explained.

o Work accomplished for very reasonable budget.

e It was noted that there were delays in getting report done which delayed journal publication.

Question 5: Research Integration, Collaboration, and Technology Transfer

This project was rated 4.4 for research integration, collaboration, and technology transfer.

e A good mix of lab, private, and non-profit on the team.

e Valuable findings re survival rates of turbine passed fish and minimal impacts on fish. Will EPRI study
publication be public, or available only for fee? Important to be sure federal and state regulators can access
report.

e It is imperative that these results be widely disseminated in professional organizations and they seem to have
been.

Information has been presented at a number of US conferences.

e Important to have communications and technology transfer plan include outreach to federal and state

regulators so that they are fully briefed on outcomes.
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e Additional outreach to the more mainstream popular media might be appropriate.
e Work included industry partners, including Free Flow Power, EPRI and Alden working with Oak Ridge
National Labs.

Question 6: Proposed Future Research

This project was rated 3.0 for proposed future research.

e Not Applicable.

e Switch to testing that will enable understanding of fish avoidance mechanisms and in situ testing to
demonstrate that there is a low likelihood of any fish interaction with the MHK devices in the ordinary course
in marine environment.

e Not Applicable - none proposed.

Strengths and Weaknesses

Project Strengths

e The project has produced scientific findings that will aid the MHK Industry by answering environmental
concerns with solid data that (1) fish avoid turbines more often than not and (2) even those who do not avoid
are almost entirely unharmed.

Project Weaknesses
¢ None obvious.

Specific recommendations for additions or deletions to the work scope

e The flume testing does not enable complete study of fish ability and tendency to avoid MHK device in natural
marine setting for tidal and wave devices; future research should focus on demonstrating the likelihood of any
interaction and what mechanism is at work in the fish to enable avoidance.

e This is an excellent example of DOE making effective use of the scientific resources within National Labs.
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WH P 140031 Impacts of Individual and Multiple MHK Stressors (Hydroacoustic /ELAM)

Mark Grippo, Argonne National Laboratory
WHP140031
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The bullets below are a compilation of comments made by individual panel members during the evaluation
of this project.

Question 1: Relevance to water industry needs and overall DOE objectives

This project earned a score of 3.6 for its Relevance to water industry needs and overall DOE objectives.

e There is a disconnect with an ecosystem issue (e.g., how does noise relate to fish avoidance).

e The Project assesses the impact of a number of possible stressors on fish in order to answer environmental
concerns regarding MHK devised. The Project will provide scientific data that reduce deployment barriers
for the MHK Industry.

e | was not present for this presentation.

e Overall concept is fine but without observed fish data at an array the results will be difficult to accept. |
question whether it is worth proceeding with this work at this stage or if you would be better waiting until
there was an array in the water.
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o It looks like this model should tie in to the optimization/array model that has been developed by Sandia but it
is not completely clear if it does. Eventually, being able to optimize for both efficiency and fish will be
important but the danger will be having invalidated models for both.

Question 2: Methods and Approach to performing the research and development

This project was rated 3.2 on its methods/approach.

e Delay in field data gathering.

The Project applies a sound combination of experimental observation and hydrodynamic modelling to
accomplish the goal.

Planned to do hydroacoustics in 2013 - didn't happen.

Plan to extrapolate data from device to assess potential impacts from an array.

Developing intense hydrodynamic model - need supercomputer to run it.

Only going to look at one unit and then infer what might happen with an array - that is a fatal flaw.

Question 3: Technical accomplishments and progress toward project and DOE goals

This project was rated 2.8 based on technical accomplishments and progress.

e The progress has been good except for unavoidable issues related to the availability of the MHK device.

e haven't done much of the work yet.

e Issues related to the computational power required to achieve the desired 2m resolution could have been
estimated during the proposal stage.

Question 4: Project Management

This project was rated 2.7 on its project management.

Project delays and a majority of funds spent on models.
Delays were explained and appropriate actions were taken.
Project delays.

Have spent a lot of money to develop model.

Question 5: Research Integration, Collaboration, and Technology Transfer

This project was rated 2.6 for research integration, collaboration, and technology transfer.

A good example of a national lab working with federal entities and academic institute.

No Technology Transfer is indicated. The results of this research should be published extensively.
Not clear how transferable this info will be to other species, other locations.

Good to have ACOE and Universities involved.

Question 6: Proposed Future Research

This project was rated 2.8 for proposed future research.

e Would assume future work would require the presence of an array of devices.
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e Assuming that the study is successful, the suggested future research could have a valuable impact on MHK
sitings.
e Simulations to forecast effects for siting cannot be done until model is validated somehow at an actual array.

Strengths and Weaknesses

Project Strengths

e The project will produced scientific findings that will aid the MHK Industry by answering environmental
concerns regarding the response of fish to perceived stressors associated with MHK devices.

Project Weaknesses
e No major weaknesses.

Specific recommendations for additions or deletions to the work scope

e This is an excellent example of DOE making effective use of the scientific resources within National Labs
and academic institutions.
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W H P l 400 3 2 Strike Analysis

Andrea Copping, Pacific Northwest National Laboratory (Lead)
WHP140032
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The bullets below are a compilation of comments made by individual panel members during the evaluation
of this project.

Question 1: Relevance to water industry needs and overall DOE objectives

This project earned a score of 5.0 for its Relevance to water industry needs and overall DOE objectives.

o A very relevant study that supports the deployment of a tidal device the incorporates the involvement of
national labs, regulatory agents, and a utility.

e High marks to DOE for playing a convening role to bring all key players and outstanding talent to the project
and to fund the project to find a science-driven response to the regulator's concerns about and requests for
information on the potential for marine mammal interaction with MHK devices.

e The Project reduces deployment risk by answering concerns about the consequences of an endangered
Southern Resident Killer Whale striking an MHK device, specifically the OpenHydro turbine planned for
deployment by the Snohomish PUD.

e | was not present for this presentation.
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e This project was instrumental in getting regulators over the acceptance hurdle and helped keep one of the few
(maybe only?) utilities in the game.

This study can be applied to other areas around the US where marine mammals are a concern.

Outstanding result at excellent value addressing major permitting barrier to deployment of MHK devices
Excellent transfer of information nationally and internationally.

The next phase will be critical - how to expeditiously and economically apply the model to other species of
concern and other devices?

Question 2: Methods and Approach to performing the research and development

This project was rated 4.9 on its methods/approach.

e Preliminary assessment of probability showed low risk of interaction; project adopted multiple layers of worst
case scenarios to model the interaction likelihood and consequences to address regulator's extremely
conservative approach.

o PNNL and SNL followed a rigorous process of experimentation and modelling.

o Great approach to first determine low probability and then answer the what if question? Use of biological and
physical info to determine that curious whale might get boo-boo great way to counter ultra-conservative
mindset/responsibility of regulators.

e Important that publication of the project emphasize this worst case scenario approach in the unusual context
of this permitting proceeding, with the conservative assumptions.

Question 3: Technical accomplishments and progress toward project and DOE goals

This project was rated 5.0 based on technical accomplishments and progress.

¢ Not clear why the NOAA and other marine mammal experts did not agree that Killer Whale transient species
could be an adequate surrogate for flesh and tissue analysis for "materials™ analysis in order to refine the
model, rather than deteriorated condition tissue of resident Killer Whale species.

e The goals of the study were achieved with only minor delays that are expected in scientific investigations.
Project was probably not going to get favorable response from NMFS absent this research.

Question 4: Project Management

This project was rated 4.8 on its project management.

e Terrific team composition and project management to bring top talent to the problem and to address regulator
inputs during project.

e Minor delays were explained. Spending has been within funding limits and was presented in an
understandable manner.

e on schedule and under budget and already delivered important results in a timely fashion to assist SNOPUD
licensing.

Question 5: Research Integration, Collaboration, and Technology Transfer

This project was rated 4.4 for research integration, collaboration, and technology transfer.

o Excellent collaboration, and careful integration of federal regulators in the protocol development, to assure
acceptance of project conclusions.
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e The Technology Transfer effort is OK for now, but it should be increased as the project proceeds.
¢ lots of good integration with multiple partners government and industry.

Question 6: Proposed Future Research

This project was rated 4.6 for proposed future research.

o Need "buy off" from NMFS - are other studies necessary?

o Other two species to be considered will be important, but will be interesting to determine if the result from
three species can be distilled into a bounded type analysis on device impacts in event of interaction between
categories of marine mammals and MHK devices.

e Ongoing and future work represent a reasonable extension to the original research and should continue to
reduce deployment barriers.

Potential to use on additional marine mammals - additional turbines.

e Could inform turbine design going forward.

Need to make sure agencies - particularly NMFS marine mammal experts are engaged in future efforts and
buy in to results.

Strengths and Weaknesses

Project Strengths

e OQutstanding leveraging of existing expertise and resources in timely fashion.
e This Project and associated ones are reducing barriers to deployment by providing scientific data to answer
environmental concerns.

Project Weaknesses
¢ How do you distinguish a strike from a tidal device versus a strike from another man-made object?
e None.

e The results should be more widely disseminated.

Specific recommendations for additions or deletions to the work scope

¢ Instead of looking at impacts to different species, what about looking at potential impacts of blade strike from
different device types. You could extrapolate from the results on the SRKW and infer similar results on other
marine mammals (based on similar tissue density, etc.).

e Follow through on extension of modeling effort to other species of concern, coordinating with the same
group, including regulators and biologists from federal regulators and develop any bounding analysis possible
so that regulators can draw conclusions more broadly than single species basis.

e This is an excellent example of DOE making effective use of the scientific resources within National Labs
and academic institutions.

Potentially collaborating with European counterparts as they are likely addressing the same issues.

o Work to include this in MHK workshops for federal regulators to demonstrate how problems can be solved

and resources available, as well as specific outcome.
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W H F) l 4003 3 strike Analysis

Rich Jepsen, Sandia National Laboratories
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The bullets below are a compilation of comments made by individual panel members during the evaluation
of this project.

Question 1: Relevance to water industry needs and overall DOE objectives

This project earned a score of 5.0 for its Relevance to water industry needs and overall DOE objectives.

o An excellent study that will help NMFS understand the potential impacts to marine mammals from tidal
energy devices.

e Same comments as given on Simon Geerlofs presentation.

e This Project has already reduced deployment barriers for the SnoPUD device in Washington State by
answering regulatory concerns with scientific data. Expansion of the research to other species and different
MHK devices should continue to support this important goal.

e | was not present for this presentation.
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e This is the only information that NMFS has to base a Biological opinion on - for the unique environments that
contain unique species where the industry is looking to site these devices this type of research is essential to
resolve catch 22 questions about potential impacts.

Question 2: Methods and Approach to performing the research and development

This project was rated 4.8 on its methods/approach.

o Excellent project design.

PNNL and SNL have followed a rigorous process of experimentation and modelling to date. The continuing
efforts follow the same processes.

o Perfectly filled need with SRKW - will be important to have NOAA Fisheries buy-in for planned work on
other marine mammals (i.e. maybe they're worried about swimming in from side, backing in, various injuries,
behaviors, life stages, etc. and worst case scenario modeling may not be adequate).

e Not clear why federal regulators would not agree to substitute tissue samples from transient Killer Whale
DPS, instead of Resident Killer Whale DPS - wouldn't they be a more accurate predictor of blade strike
impact on flesh and bone of the marine mammals than the deteriorated samples?

Question 3: Technical accomplishments and progress toward project and DOE goals

This project was rated 4.9 based on technical accomplishments and progress.

e OQutstanding result, answering regulator questions and enabling project to move forward.

e These results have already been used to support the permitting process for the SNOPud/OpenHydro project in
Washington State.
moved a real project from dead in the water to going forward.

e The goals of the study were achieved with only minor delays that are expected in scientific investigations.
Stretching dead whale skin and blubber to breaking point - did anyone anticipate this in their career?

Question 4: Project Management

This project was rated 4.5 on its project management.

e The material provided by SNL didn't have the well-disclosed variance analysis and expenditure data that was
found in the PNNL presentation.

e Some delays but primarily due to sudden availability of whale carcasses, which was a good reason to delay -
otherwise on target.

Question 5: Research Integration, Collaboration, and Technology Transfer

This project was rated 3.9 for research integration, collaboration, and technology transfer.

e Collaboration with academia is good.

e Great collaboration to develop results.

e Collaboration with industry is addressed, but only as far as development of NDAs is concerned. While this is
a good first step, integration with the MHK Industry needs to be a priority for this effort.

o No Technology Transfer Plan is provided. The results of this research need to have wide dissemination.
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Question 6: Proposed Future Research

This project was rated 4.8 for proposed future research.

e  Will need NMFS support for future research.

e Can follow on research tackle not only the two additional species, but attempt to describe in broader terms
what degree of impact and blade shape would be needed to have a significant impact on marine mammals of
specific sizes?

e Future research is a logical next step and should continue to reduce deployment barriers for MHK.

e For future aspects - need to involve NOAA Fisheries, NMFS to makes sure they will accept results for BiOps.

Strengths and Weaknesses

Project Strengths

e The Project has already answered an environmental concern relative to the SRKW population in WA State.
This research is key to providing solid scientific data to answer the concerns of regulators about endangered
species.

Project Weaknesses

e Technology Transfer to Regulators and the general public need to be increased.
e Integration with Industrial Partners seems to be slow and should be expedited.

Specific recommendations for additions or deletions to the work scope

o Follow on research is recommended, but not species by species, given the expense. Can there be an effort to
categorize by type and strength of blade impact and size/type of mammals?

e This is an excellent example of DOE making effective use of the scientific resources within National Labs
and academic institutions.

e This research now needs the full participation of the Industry Partners. DOE is best positioned to assist in this
integration.
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W H P 140034 Acoustics Experimentation and Characterization

Mark Bevelhimer, Oak Ridge National Laboratory
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The bullets below are a compilation of comments made by individual panel members during the evaluation
of this project.

Question 1: Relevance to water industry needs and overall DOE objectives

This project earned a score of 4.2 for its Relevance to water industry needs and overall DOE objectives.

e A good study that will help regulators understand the limited acoustic impacts MHK devices produce when in
operation.

e This Project seeks to reduce deployment barriers by providing scientific data on the acoustic emissions of

MHK devices and the impact on aquatic species. This data will fill in gaps in knowledge and assist in

answering regulatory concerns.

This information will be useful for all similar projects.

Going to look at array effects - that will be very positive for industry.

Would be good to state professional opinions about the "realness" of this issue.

Use of freshwater species probably limits ability to transfer results to marine and estuarine environments.
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Question 2: Methods and Approach to performing the research and development

This project was rated 3.7 on its methods/approach.

¢ ORNL has followed a rigorous process of field measurements and sound exposure studies.
o  Well planned.

o Fish were surgically tagged and in a net pen so does not represent natural conditions.

Question 3: Technical accomplishments and progress toward project and DOE goals

This project was rated 3.7 based on technical accomplishments and progress.

No turbines were in the water, so results are limited in possible understanding of potential impacts.
Initial results relative to the TideGen device have been favorable.

Results will be very useful for environmental documentation and permit applications for tidal turbines.
Unable to get actual measurements because turbines weren't in water and available.

Delays have occurred, but seem to have been resolved.

Found no responses to sound in fish - positive but methods could be questioned.

Determined through existing data that noise signature would be very low.

Question 4: Project Management

This project was rated 3.6 on its project management.

The Project was delayed by funding issues. ORNL explained the issue and seems to have recovered

Well executed project.

Some delays caused by funding and lack of field data.

The Project was also delayed by issues related to the TideGen deployment in Maine. ORNL has explained
the delay and found a work-around to maintain progress.

Question 5: Research Integration, Collaboration, and Technology Transfer

This project was rated 4.0 for research integration, collaboration, and technology transfer.

A good mix of national lab, device developers, and academic institutions.

Good collaboration between academia, a National Lab, and Industrial Partners.

Good collaboration with industry.

Good to use industry partners and data.

A good start to Technology Transfer.

ongoing work on simulated array will be very useful and important - even if biological data can be questioned
will be good to get noise signature of array established and accepted - need to make sure corrections for
closed water environment vs open water environment are made with respect to physics of sound propagation.

Question 6: Proposed Future Research

This project was rated 2.7 for proposed future research.

o Future research would likely be driven by regulatory process.
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e Future research is stated as being dependent on discussions with DOE. The need for additional studies will
depend on how the results to date are accepted by regulatory agencies.

¢ None suggested.

e Additional research has not yet been determined - will be based on existing results.

Strengths and Weaknesses

Project Strengths

e This solid scientific data should answer some of the concerns of Regulators about acoustic stress caused by
MHK devices.

e Important data being collected.

Project Weaknesses

e It is not obvious that this research can be wrapped up. Regulatory input is needed to assist in future funding
decisions.

Specific recommendations for additions or deletions to the work scope

e DOE has a difficult decision to make regarding future research. While the results seem conclusive, more
studies may be required depending on how Regulators react to what has already been done.
e Continue.
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WH P 14003 5 Tidal Modeling, User Manual, Validation, and Acoustics Package

Jesse Roberts, Sandia National Laboratories
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The bullets below are a compilation of comments made by individual panel members during the evaluation
of this project.

Question 1: Relevance to water industry needs and overall DOE objectives

This project earned a score of 4.5 for its Relevance to water industry needs and overall DOE objectives.

e The project focus is essential for MHK industry to advance, and the project is very well designed to leverage
existing advanced tools on noise and power optimization in marine environment from USN - optimal design
and siting tools

e Project seeks to allow Industrial Partners to develop quieter devices so as to reduce barriers to deployment.

e Developing open source MHK noise generation and propagation models will be very useful to the MHK
community.

e Acoustics part - this is a regulatory issue that needs to be addressed through better education of regulators
about the noise signature and impacts of MHK devices.

e Strong collaboration among industry, labs, while leveraging USN background knowledge.
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Project seeks to allow Industrial Partners to place CEC devices in optimal locations to improve LCOE.

e  Optimized siting model could be very useful to developers - always concern about believing the model when
it may have some flaws.

e Optimization component of the model will be essential to enable companies to get benefit of project - DOE
should assure that SNL successfully works with MHK device providers to acquire data needed for
optimization.

Question 2: Methods and Approach to performing the research and development

This project was rated 4.2 on its methods/approach.

o Persuading MHK device providers to cooperate in technical assistance components will be essential.

e Integrating a Current Energy Converter (CEC) model into its Environmental Fluid Dynamics Code (EFDC) is
a reasonable step toward a simulation tool for optimally placing these devices.

e Well planned project.
Use of existing accepted EPA model provides so much credibility/acceptability as opposed to starting from
scratch.

e Sediment transport models have been used extensively by USACE and should not be reinvented.

e Developing an approach to assessing generation and transmission of acoustic noise will build on the research
related to how aquatic species are stressed by this input.

Question 3: Technical accomplishments and progress toward project and DOE goals

This project was rated 4.6 based on technical accomplishments and progress.

Results to date have been encouraging for both aspects of the project.

Scaled flume tests past operating turbines.

Appears to be a very good tool that will have direct relevance to the industry.

Results to date have already been used by ORPC as part of a FERC application.

Developed computer models.

Optimization will be great for developers - sound -great for regulatory community if they accept
methods/process.

e Developed training courses and user's manuals.

Question 4: Project Management

This project was rated 4.2 on its project management.

e Concern that intellectual property issues may hinder full participation of MHK device providers; DOE may
need to provide leadership to ensure that MHK device providers concerns on MHK are addressed with labs
and common understanding reached to ensure collaboration can proceed.

Model-to-data comparison was delayed, but explained.

Well run project.

Have produced results and stayed within budget. Budget does seem generous though.

Actual spending appears to be commensurate with the plan.

Question 5: Research Integration, Collaboration, and Technology Transfer

This project was rated 4.5 for research integration, collaboration, and technology transfer.
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e Good collaboration between PSU/ARL, National Labs, and a contractor. The fact that ORPC used the results
seems to indicate Industry Partner participation.

e Collaboration with other labs and academia.

o Lot of interaction between developers and labs.

e Technology transfer and wide dissemination of the results should provide a solid base of data for answering
environmental concerns from Regulatory Agencies.

e Training of developers is an excellent way to encourage use of models and gain valuable input.

Question 6: Proposed Future Research

This project was rated 4.3 for proposed future research.

Exposing Industry to SNL-EFDC in the near-term is a good goal.

e Proposed future research to measure flow and noise around MHK devices in the field will be extremely
useful.
Validating around actual projects is key.

o A substantial multi-year acoustics effort may be premature depending on other research.
Array optimization very important for energy production as well as environmental footprint - need to make
sure optimization and fish behavior models (different DOE project) that are being developed concurrently are
cross-referenced in some fashion so that both power and environmental impacts are considered.

Strengths and Weaknesses

Project Strengths

o Excellent leveraging of existing federal and national lab expertise in marine power generation optimization
and noise minimization.

e Provides a tool for placing CEC devices for optimal power extraction.

e The models that are being developed will be very useful.

e Provides a tool for estimating acoustic generation and transmission from CEC devices.

Project Weaknesses

e Project needs strong outreach component to assist MHK providers to understand that participation in model
validation and technical assistance phase will not expose MHK device company to risks of loss of
confidential data.

e SNL should reach out to USACE for their input on sediment transport dynamics.

Specific recommendations for additions or deletions to the work scope

e Be sure to include regulatory agencies in education about the model and application so that they will accept
the final model products.

e Aside from concerns about possibly reinvention of the wheel relative to a sediment-dynamics model, this
work appears useful for developing a tool that Industry can use.

e Continue.

e Since other research seems to indicate that acoustic stress to aquatic species is not a significant issue,
significant future research may not be required and DOE should carefully gage the response of regulators to
work already performed.
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W H P 140036 WEC Array Modeling Improvements to Assess Far-Field Environmental Effects

Jesse Roberts, Sandia National Laboratories
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The bullets below are a compilation of comments made by individual panel members during the evaluation
of this project.

Question 1: Relevance to water industry needs and overall DOE objectives

This project earned a score of 4.3 for its Relevance to water industry needs and overall DOE objectives.

e This project deliverable - the far-field effects model - will be tremendously important to MHK industry
deployment. It will have direct impact on critical siting decisions.

e Project seeks to allow Industrial Partners to accurately assess the energy available for WEC devices at
specific sites.

e The goal is to accurately model the effect of energy extraction by WEC devices on the overall wave climate at
a given location. This energy extraction will in turn affect the nearshore currents and sediment transport. The
ability to model these phenomena is important to the design of a WEC array and the preparation of
environmental documents.
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e This is important to industry as it will help address key questions but there are so many variables in the open
ocean that it may be dangerous to rely too much on this without substantial validation.

o Vital that the model be robust, and well validated, but also rigorously peer-reviewed by top experts in the
field, including Army Corps of Engineers experts; Encourage DOE to add additional project component if
needed to assure peer review, given significance of product for future siting decisions.

Project will also provide a trusted tool for assessing environmental impact along with available power output

e Assure that the model addresses any unique traits of regional current and sediment transport systems.

Question 2: Methods and Approach to performing the research and development

This project was rated 3.6 on its methods/approach.

o Given the importance of this model, need to add a final step to have independent peer review by experts in the
field.

e SNL develop a module for SNL-SWAN that will accurately model energy extraction via a "typical” WEC
(CPT Manta 3.1), verify the predictions against experimental data from OSU, and revise the model
accordingly. This is a reasonable and rigorous process.

o Well planned.

e Used Navy data to base model on - good use of existing data.

e We don't have adequate information to determine whether the method and approach of merging modeling
projects has effectively produced an accurate and helpful model.

SNL will perform a sample environmental assessment using available and new tools.

o Results not favorable to industry - need to understand parameters better - this was worst case and maybe site-
specific so would be careful about broadcasting results.

e Using worst case situation okay but need to make sure other scenarios and more realistic ones are given equal
play. Assuming user conflicts will be higher within 2 miles of shore anyway, what happens when they are
moved out to 3 miles?

Question 3: Technical accomplishments and progress toward project and DOE goals

This project was rated 4.0 based on technical accomplishments and progress.

e Project is on track, but impossible to judge from information available in summary and presentation whether
the model development was technically sound or delivers results.

Good results to date on both efforts.

Project has shown some very good results in the running of the SNL-SWAN model.

Developing model is important and concept good but it really needs to be validated somehow in open ocean
Getting some external review will be important.

Question 4: Project Management

This project was rated 3.9 on its project management.

As noted, significant flaw in project design that failed to include rigorous model peer review.

Project has had no delays and is on budget.

Well executed project.

Have met schedule deliverables on budget.

Appears that the project could have been improved by greater collaboration and leveraging of other federal
expertise (e.g. ACE, NOAA).
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Question 5: Research Integration, Collaboration, and Technology Transfer

This project was rated 3.6 for research integration, collaboration, and technology transfer.

e Very limited coordination among existing institutions.

e The team integrates a National Lab (SNL), an academic institution (OSU), an MHK Developer (CPT) and
software developers.

e Collaborating with industry and academia.

e Good private sector and academic partnerships.

e Assure that if peer reviewed model is determined to be accurate, release is accompanied by teaching support
both in live and evergreen web presentations so that end users and regulators will have good understanding of
model application.

Plans for technology transfer are appropriate.

e The Coastal Hydraulic Laboratory of the Army Corps of Engineers has been doing wave and sedimentation
modeling for decades. They should be consulted on this project.

o Dissemination of results good but worry about what the message is - if it's on the mechanisms involved in
developing and applicability of model good, but if it's that WEC's will substantially change sediment
dynamics, ecosystems near shore then please stop presenting until you have validation and/or present what
less than worst case is as well.

Question 6: Proposed Future Research

This project was rated 4.2 for proposed future research.

At minimum, add rigorous peer review component, and, as needed, funding to upgrade model.

The proposed future research is a logical continuation of the past and ongoing efforts.

Proposed future research seems worthwhile.

Is there a way to validate against a deployed project this year? Maybe outside of the U.S.?

Consider whether model will need to be improved through time as new data is collected and revisit efficacy of
model.

o Expansion of the effort to off-shore wind is beyond the scope of MHK.

Strengths and Weaknesses

Project Strengths

Topic is essential for MHK siting decisions.

SNL-SWAN should be beneficial to Developers and Regulators if it becomes generally accepted.
Good results to date.

Leverages existing models that have been well developed.

The methods described should lead to a valuable tool that is being widely disseminated.

Project Weaknesses

e Project does not appear to have adequately tapped existing world class expertise in other federal agencies and
academic centers on far-field environmental effects, including sediment transport.

e Only OPT is mentioned as an Industrial Partner.

o Need to consult with Army Corps of Engineers on modeling, particularly the sedimentation modeling.
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Specific recommendations for additions or deletions to the work scope

e Propose an external review of final model before publishing it for general use.

e Add Independent Peer Review by experts in the field to assure that the model will be accurate, or is
distributed with appropriate limitations or caveats on accuracy of model in certain applications.

e Monitor acceptance of SNL-SWAN by Industry and assess the confidence of Regulators with the results
obtained from it. Decide on future work based on how well it is accepted.

e Continue.
Encourage Industrial Partners to evaluate SNL-SWAN and participate in module development efforts.

e The Coastal Hydraulics Laboratory of the Army Corps of Engineers has been doing wave and sedimentation
modeling for decades. They should be consulted on this project.
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W H P 140037 Introduction to the MHK Environmental FOA NEW

Hoyt Battey and Jocelyn Brown-Saracino, DOE (Multiple Projects)

5 WHP140037
4 - 4.1 T
3.8 = 37 = 38
= 3.6 = 35

3

2 .

1 -

0.0 0.0 0.0 0.0

0 -

Relevance | Methods | Accomp. PM TechTrans | Future WtAvg

Project Title:

Introduction to the MHK
Environmental FOA
NEW

Principal Investigator:

Hoyt Battey and Jocelyn
Brown-Saracino

Organization:

DOE (Multiple Projects)

100%

50%
o o
1.2.3.4.5|1.2.3.4.5|1.2.3.4.5(1.2.3.4.5|1.2.3.4.5(1.2.3.4.5|1.2.3.4.5

30 Standard Deviations 86%
from Review Average :

Panel:

Market Acceleration

Budget:

$2,400,000 DOE 0o [ | . Performance X-axis
. Relevance Y-axis
$0 Cost-Share . % -
L 0 S v oD 20 L o n 0 o
2 > =
2850 33 " - €85 2 83
S < 2 £ 5 C < g ==
Q (I > 5 0
ey = 0o D0y s
© = o T > (&S]
(3] ()
o = 1o o ~

Metric Performance
Review Wide

Scoring Driver
Project Specific

36 20 16 0o 1o 20 30

The bullets below are a compilation of comments made by individual panel members during the evaluation
of this project.

Question 1: Relevance to water industry needs and overall DOE objectives

This project earned a score of 5.0 for its Relevance to water industry needs and overall DOE objectives.

¢ Funding under this FOA is either building on existing data gathered by device developers or looking at key
concerns previously identified by regulators during previous deployments.

e This group of projects addresses one of the highest priorities for DOE - to address gaps in scientific
understanding of environmental effects of MHK devices and provide a detailed body of scientific information
that can guide regulatory decision makers.

e The FOA funds projects that will (1) develop Environmental Monitoring of MHK Projects and (2) Analysis of
Environmental Effects of MHK Surrogate Technologies.

e These projects will be helpful in documenting the effects of MHK on aquatic animals.
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New strategy in environmental approach - working with developers to understand what types of regulatory
and environmental questions are ubiquitous - good approach using real world and not just perceived needs.
The Environmental FOA directly supports DOE Goals to "reduce deployment barriers and environmental
impacts."”

Marine mammal behavioral response to sound an important area to get better data on.

Fish community work around OSU devices.

ORPC fisheries work - BACI confirmation - concerns about BACI - Gail explained directed strictly at fish
positioning in water column.

EMF studies for FAU.

Question 2: Methods and Approach to performing the research and development

This project was rated 4.7 on its methods/approach.

Addresses critical permitting barriers, through regional, in-situ work on MKH devices.

The approach of improving environmental monitoring and analyzing environmental effects provides a good
path to accelerated deployment of MHK.

Well planned.

Really like the idea of trying to get data from existing projects and real world situations - disappointing that
more devices aren't in water.

DOE should assure that each project includes regulators in developing protocols for studies and receive
detailed reports on findings.

FAU EMF studies - using diver observations and other methods - unique and useful.

Cal Davis Study excellent use of existing infrastructure and studies to address MHK problem/issue.

Use of existing data and previous work really helps further the knowledge base without reinventing the wheel.

Strengths and Weaknesses

Project Strengths

Strong collaborative approach, addressing critical permitting blockages; encouraging collaboration between
BOEHM and NOAA on research projects

The Environmental FOA emphasizes improvements in monitoring and assessment that will reduce barriers to
greater deployment of MHK

Partnership with BOEM.

Using existing data, existing structures.

Good effort to leverage existing data and focus projects on MHK device impacts.

Interaction with BOEM to leverage study usefulness.

Good diversity - geographically and issue wise.

Project Weaknesses
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Important to assure that federal and state wildlife agencies are involved to give input on project protocols to
assure buy-in, and ask federal wildlife agencies to assure that project results are distributed throughout the
regulator ranks of their department.
No obvious weaknesses at this time.
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Specific recommendations for additions or deletions to the work scope

o Consider webinars, science workshops with federal regulators to keep them updated on the results of the DOE
funded projects.

e This is an important effort with a great deal of upside potential. Monitor progress of the performers carefully.
Continue.

e Since there is little involvement of Industrial Partners, encourage System Developers to monitor the results of
the Projects through participation in Reviews.
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W H P 140038 IEA OES Annex IV Support and Tethys Database Development

Andrea Copping, Pacific Northwest National Laboratory
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The bullets below are a compilation of comments made by individual panel members during the evaluation
of this project.

Question 1: Relevance to water industry needs and overall DOE objectives

This project earned a score of 4.8 for its Relevance to water industry needs and overall DOE objectives.

e Tethys is a key tool to distribute environmental data related to the MHK industry.

o Excellent project essential to moving MHK industry forward and lowering costs of permitting, while sharing
lessons learned on publications.

e Tethys seeks to reduce deployment barriers and environmental effects by making information on
environmental effects, which is typically dispersed, accessible to developers, regulators and researchers in
common base of knowledge.

This is important work and is essential to the successful development of the MHK industry.

o Great to have international collaboration and bringing information in from other projects around the world.

Tethys seeks to support efficient siting and permitting to accelerate the industry.
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¢ Having central clearinghouse of info will hopefully help people from repeating studies.
¢ Amount of info already collected and rate that it is coming in shows what a large body of knowledge exists
already.

Question 2: Methods and Approach to performing the research and development

This project was rated 4.7 on its methods/approach.

Excellent step wise development over long term, including key constituencies.

The data for inclusion in Tethys has been collected from numerous sources and archived.
Well planned project.

Good that we are we tapping into offshore wind knowledge and studies as well as MHK.
International participation in Annex IV is outstanding. Agree that it needs a different name.

Question 3: Technical accomplishments and progress toward project and DOE goals

This project was rated 4.7 based on technical accomplishments and progress.

Very impressive progress on building federal database, while including international partners.
The amount of data that has been collected is impressive.

Great work is being done on both projects.

Developed good infrastructure and have people using it — Tethys.

Question 4: Project Management

This project was rated 4.3 on its project management.

e Impressive technical support and organization of international contributors.
Project Management data is difficult to assess, but the project appears to be running smoothly with an
appropriate budget.

e Well executed project.

e On schedule and budget.

Question 5: Research Integration, Collaboration, and Technology Transfer

This project was rated 4.9 for research integration, collaboration, and technology transfer.

e The collaboration on Tethys is substantial among US National Labs, Universities, US Government Agencies,
and organizations in foreign countries.

e Tremendous domestic and international collaboration with industry, academia, and government.

o Lots of partners around the world - excellent level of cooperation.

e US-based Industrial Partners are conspicuous by their absence. Are they planning to simply consume the
data, rather than contribute to the database?

Question 6: Proposed Future Research

This project was rated 4.9 for proposed future research.

o Future work is simply to continue the effort.
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e The proposed future research is very worthwhile.
e Seems like platform is built and major work done so now keeping it current will be ongoing task that should
be manageable and well worth effort and expense.

Strengths and Weaknesses

Project Strengths

e The database puts a great deal of information in one place where it can be used by Industry, Regulators, and
other stakeholders.
¢ International collaboration.

Project Weaknesses
o Industry doesn't appear to be contributing.

Specific recommendations for additions or deletions to the work scope

e DOE should support this effort and encourage Industry to contribute as much as possible subject to
competition issues. Clearly Industry has data to share that would not unduly compromise competitive
advantage.

e Continue.
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W H P 140039 West Coast Coastal Marine Spatial Planning Support

Simon Geerlofs, Pacific Northwest National Laboratory
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The bullets below are a compilation of comments made by individual panel members during the evaluation
of this project.

Question 1: Relevance to water industry needs and overall DOE objectives

This project earned a score of 4.7 for its Relevance to water industry needs and overall DOE objectives.

o A low cost-highly effective study that will help conflict resolution between multiple users.

o Excellent approach to visualize the industry siting priorities and to share with state planning process. This is
a good first step. Understand that project is dependent on state coastal planning process. Important to
evaluate where DOE can implement similar program in other state processes to assure industry needs are
represented.

e The Project seeks to reduce deployment barriers by (1) engaging with coastal marine spatial planning
processes in support of MHK deployment and (2) partnering with stakeholders relative to suitability analyses
on the west coast.
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It is absolutely essential that MHK technologies are considered in any Coastal and Marine Spatial Planning
(CMSP). PNNL's task is to ensure that MHK is considered in the West Coast CMSP.

Site suitability criteria developed and applied into MSP.

Industry needs to be involved with this effort.

Important for industry to be involved in MSP efforts - would be very easy to be overlooked or forgotten and
some of best sites could be dedicated to other purposes without due consideration.

Question 2: Methods and Approach to performing the research and development

This project was rated 4.5 on its methods/approach.

Given limitations imposed by state planning process, the approaches were good, especially the outreach to
industry to get data. Unfortunate that it came too late to affect Oregon planning process early stage process.
PNNL's approach is broad-based and should be effective in providing the MHK perspective to CMSP
activities

Well planned.

Developing wave energy criteria to be input into a decisional GIS tool is the right approach instead of trying
to develop overall comprehensive tool but would be good to make sure screening criteria also take into
account environmental constraints, access to transmission etc. if possible.

Focusing on states with active processes and high wave resources makes sense.

Question 3: Technical accomplishments and progress toward project and DOE goals

This project was rated 4.7 based on technical accomplishments and progress.

The Team has provided suitability analyses for a substantial section of the West Coast.
PNNL has executed many coordination activities with the West Coast CMSP on behalf of the MHK industry.
Seems like DOE involvement has been well received and expenses fairly low.

Question 4: Project Management

This project was rated 4.4 on its project management.

This is basically a level-of-effort task that is on budget.

Well managed project.

It appears input is being supplied to state groups in a timely fashion. This isn't DOE's train to drive and you
have to ride on their schedule which appears to be the case.

Question 5: Research Integration, Collaboration, and Technology Transfer

This project was rated 4.7 for research integration, collaboration, and technology transfer.
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By its nature, this is a highly collaborative effort that is transferring information relative to MHK to a larger
audience of planners.

PNNL has been collaborating with many stakeholders in the West Coast CMSP.

Good cross-section of groups appear to be involved in this effort.
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Question 6: Proposed Future Research

This project was rated 4.0 for proposed future research.

e Future plans are a bit vague.

e The proposed future research is very worthwhile.

e Future involvement depends on state processes so tough to measure.

Strengths and Weaknesses

Project Strengths

e The Project provides advocacy for MHK in CMSP activities.
e Great collaboration.

Project Weaknesses
e None obvious

Specific recommendations for additions or deletions to the work scope

e Important for DOE to monitor other opportunities to explain the MHK industry needs in State Coastal
Planning processes throughout US.

e This appears to be a low-cost method of advocacy for MHK. Its effectiveness will become apparent as time
goes on (assuming that planned and future in-water demonstrations are successful).

e Continue.
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The bullets below are a compilation of comments made by individual panel members during the evaluation
of this project.

Question 1: Relevance to water industry needs and overall DOE objectives

This project earned a score of 4.6 for its Relevance to water industry needs and overall DOE objectives.

e | wish all the success to this program - it is a positive move to develop collaboration in the international
community.

e Strong contribution to future Workforce Development and sensible path to tapping the strong academic
centers and institutional knowledge of international MHK centers.

e EERE Post-doctoral Fellowships support the goal of advancing the state of MHK technology by encouraging
highly-qualified researchers to enter and remain in the Industry.
Great idea. Hopefully it will catch on. International institutions are doing some very good work.

o Great concept to get US people engaged in other countries where there are active projects - helps bridge the
gap that we have in being behind rest of the world.
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e The Fellowships also expose the Fellows to areas of the world with more established MHK Industries
e Should think about combining with hydro research fellowship program and/or modeling after that and
possibly doing something similar with offshore wind so that we have the expertise in this country.

Question 2: Methods and Approach to performing the research and development

This project was rated 4.3 on its methods/approach.

e WPTO is piloting an opportunity for MHK researchers to participate in an EERE-wide post-doctoral research
program.

Well planned.

Funding for involvement of mentors as well as students.

Good to have go/no go built in in-between 1st and 2nd year.

Still a pilot program - maybe need to spread the word better - surprising that response was low in 2013.

Question 3: Technical accomplishments and progress toward project and DOE goals

This project was rated 3.7 based on technical accomplishments and progress.
e To date, 3 awards have been made, but one was withdrawn.

e Slow start to program.

e Still too early to tell

Question 4: Project Management

This project was rated 4.1 on its project management.

e Encourage DOE staff to continue their early program outreach to assure all US academic centers are aware
and key professors champion the DOE program; consider specifically strong outreach to the maritime
academies, especially those which have developed strong engineering programs and MHK focus (e.g. Maine
Maritime Academy).

¢ No FY13 awards were made due to weak responses to the opportunity announcement.

e Well executed.

o Fairly limited program but it looks like funding is there to support students who have been committed to.

Question 5: Research Integration, Collaboration, and Technology Transfer

This project was rated 4.7 for research integration, collaboration, and technology transfer.

Excellent collaboration with Ireland and international partners.

This Fellowship is likely to produce a net transfer of technology to the US MHK Industry.

Collaborating with international research centers.

Working with international partners to leverage their expertise gained and being gained on projects in the
water is excellent. Much better than desktop theoretical approaches.

Question 6: Proposed Future Research

This project was rated 3.4 for proposed future research.
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e The future of this Fellowship is unclear.
o Need to figure out how to make this a sustainable and ongoing effort.

Strengths and Weaknesses

Project Strengths

e The Fellowships promote international cooperation and exchange of information. They should benefit the
nascent MHK Industry in the US.
e Great concept.

Project Weaknesses

e Post-docs may not come back after completing their studies.
e Weak research proposals for FY13 may indicate a lack of interest by US researchers
e Slow start.

Specific recommendations for additions or deletions to the work scope

WPTOQO's decision to re-evaluate participation in the Fellowship seems appropriate

e Continue.
Consider adding a component to assure the training and skills are returned to the United States; consider
medical profession models where post docs have the degree bundled with employment as post doc in total
package to assure that academic center benefits from skilled worker for some period.
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W H P 140041 MHK Regulator Training NEW

E. lan Baring-Gould, National Renewable Energy Laboratory
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The bullets below are a compilation of comments made by individual panel members during the evaluation
of this project.

Question 1: Relevance to water industry needs and overall DOE objectives

This project earned a score of 4.7 for its Relevance to water industry needs and overall DOE objectives.

e A positive step forward in educating regulators of the potential issues surrounding the industry.

e OQutstanding work by DOE to take leadership role in forging a collaborative partnership with sister agencies to
assure regulators are familiar with the MHK industry information, regulatory process of federal and state
agencies, and environmental effects studies.

e The Project seeks to reduce deployment barriers and environmental impacts of MHK by providing training
that will familiarize Regulators with MHK technology and its potential impact.

Great idea. This will help to make the permitting process go more smoothly.

o Great opening presentation on asking everyone to think like a regulator.
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e Concern that we don't build expectations among regulators too high and/or get them back on their heels
expecting a "wave" of new applications. Need to make sure you accurately portray state of industry and
financial difficulty associated with commercial scale projects under present environment.

Question 2: Methods and Approach to performing the research and development

This project was rated 4.4 on its methods/approach.

o Good use of NREL resources to provide independent lab expertise as learning resource for all federal MHK

agency.

e The approach is to design and conduct workshops (with suitable materials) for federal and state regulatory
agencies.

e Well planned.

Hasn't really started yet - just beginning.
o Lot of good ideas on how this could be improved but it sounds like they already have a lot of good ideas,
approaches.

Strengths and Weaknesses

Project Strengths

e The Project appears to have the potential to educate regulators and eventually facilitate permitting for future
MHK in-water demonstrations.
e Workshops are a very effective way to reach the regulator audience.

Project Weaknesses
e The project was slow to start.

Specific recommendations for additions or deletions to the work scope

Consider providing regulators with template pilot project review decisions based upon prior agency decisions.
Closely monitor the Project and be prepared to take action if it continues to be delayed.

Continue.

Consider inviting regulators to engage in planning to further reduce administrative burden on regulators and
unnecessary review effort by devising a Permit by Rule or similar standardized protective license protection,
with lower administrative input requirements, for use in pilot projects.
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6.4 National Marine Renewable Energy Centers

The program has partnered with four universities to create three testing sites to incubate advanced marine and
hydrokinetic technologies. The Northwest National Marine Renewable Energy Center (NNMREC), operated
jointly by Oregon State University and the University of Washington, focuses on wave and tidal energy
conversion devices through test berth design and permitting, community outreach and education, characterization
of testing sites, and acoustic monitoring and deterrence capabilities. The Hawaii National Marine Renewable
Energy Center (HINMREC), operated by the University of Hawaii, emphasizes wave energy and ocean thermal
energy conversion and boasts a collaborative wave energy test site with the U.S. Navy. The Southeast National
Marine Renewable Energy Center (SNMREC), operated by Florida Atlantic University, focuses on ocean currents
and ocean thermal energy conversion and specializes in environmental baseline observation systems.

Table 6.4.1 lists the National Marine Renewable Energy Centers MHK projects that were reviewed during the
2014 Peer Review meeting. Figure 6.4.1 illustrates the standard deviation of scoring of the National Marine
Renewable Energy Centers MHK projects in relation to the scoring of all projects reviewed in 2014.

Addressing Comments for National Marine Renewable Energy Centers and Testing
Infrastructure and Instrumentation Projects

The MHK Peer Review Panelists recorded many useful and actionable comments during their review of
the Office’s National Marine Renewable Energy Centers and Testing Infrastructure and Instrumentation
projects. These comments will be used to make key decisions and recommendations to those projects
that will still be receiving continued funding into future fiscal years, and will help guide Water Power
Program decision making and strategy into the future.

The reviewers rated with high marks the National Marine Renewable Energy Center (NMREC) projects.
With funding for NMREC research and development projects coming to an end, however, the reviewers
suggested that some of the work should have a mechanism for continued funding. The Program will
consider this suggestion as it plans its out-year funding opportunities.

For testing infrastructure, a general theme of the reviewers was for the program not to duplicate work
that was already being done by industry. For MHK test instrumentation systems, the program will have
a better understanding of the adequacy of system design and its usefulness following wave device
deployments that will occur in fiscal year 2015. The reviewers also cautioned about investing in large-
scale test facilities. The program should carefully consider permitting and infrastructure cost, and use of
international facilities in lieu of a domestic testing capability. In response, the Program intends to
continue its partnership with the U.S. Navy at the Hawaii wave energy test site, as it is the only
permitted open-ocean test site currently available in the U.S. Before additional open-water test sites are
pursued, the Program will collect design and cost information, and consider the project against all the
other program priorities.
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Table 6.4.1 Existing National Marine Renewable Energy Centers MHK projects
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Figure 6.4.1 National Marine Renewable Energy Centers MHK projects
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W H P 140042 Northwest National Marine Renewable Energy Center

Belinda Batten, Oregon State University
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The bullets below are a compilation of comments made by individual panel members during the evaluation
of this project.

Question 1: Relevance to water industry needs and overall DOE objectives

This project earned a score of 4.7 for its Relevance to water industry needs and overall DOE objectives.

e Project objectives are good in theory, but project delays have significantly increased costs and decreased
value to industry. The near-term value of the NWMREC test sites will be as a center of learning for
workforce and students, at least in the tidal power arena. Unfortunately the test center deployment has been
so long delayed in deployment due to permitting delays that existing tidal developers, and many wave
developers, have had to invest in permitting private sites and testing there.

e The NNMREC seems to be an amazing national resource for the development of the MHK industry that
supports all of the MHK objectives and priorities.

e The success of our National Marine Renewable Energy Centers will contribute to the success of the MHK
industry.
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Not reviewing as our company is currently bidding on work with OSU.
The Center appears to support all of the MHK objectives and priorities.

Question 2: Methods and Approach to performing the research and development

This project was rated 4.7 on its methods/approach.

Not clear from presentation and lengthy project summary, but it appears that many components of the test site
accomplishment represent joint projects with national labs and others on environmental and ecosystem
impacts, optimization of devices and arrays, and reliability and survivability (demonstration of antifoulants).
This cooperation and collaborative approach is very valuable.

NNMREC supports the MHK industry via (1) numerical modeling, (2) field studies, (3) scale-model testing, a
(4) at-sea testing.

NNMREC is very well organized and extremely active.

Question 3: Technical accomplishments and progress toward project and DOE goals

This project was rated 4.7 based on technical accomplishments and progress.

The presentation provided a large number of examples of accomplishments by NNMREC. Repeating it here
Seems unnecessary.

Many successful projects, such as the Ocean Sentinel.

NNMREC clearly recognizes importance of working with the community.

Question 4: Project Management

This project was rated 4.3 on its project management.

Permitting delays and extremely burdensome environmental monitoring requirements have delayed the test
site being open for business and significantly increased costs over time for this first-in-space multiple device
applicant. Little ability to control the stringent and evolving permit interpretations through project
management.

The presentation format is not appropriate for a $20M Project; the information is not adequate for establishing
the effectiveness with which the results to date were accomplished. The achievements have clearly occurred
and the Deliverables List in the backup slides was somewhat helpful.

Well run center.

Impressive efforts to coordinate and leverage assets through cooperation with other parties.

Question 5: Research Integration, Collaboration, and Technology Transfer

This project was rated 5.0 for research integration, collaboration, and technology transfer.
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This facility has been a focal point for many of the other efforts described during this Peer Review.
Collaborates with industry, academia, and government.

Technology transfer, as evidenced by the fact that the two-page "summary"” ran for 14 pages, has been
extraordinary.
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Question 6: Proposed Future Research

This project was rated 4.7 for proposed future research.

e The facilities appear to be well used in the foreseeable future.
e Many worthwhile future research projects are suggested.

Strengths and Weaknesses

Project Strengths

o NNMREC is a world-class facility that can support the MHK Industry as it grows.
e Technical excellence.
e Collaboration with all stakeholders.

Project Weaknesses
e None obvious .

Specific recommendations for additions or deletions to the work scope

e Special effort should be made by DOE and NMREC to capture the huge DOE investment and the learning of
the permitting process both for MHK developers and for federal regulators in an effort to streamline future
permitting processes for other sites.

e Honestly, I have never been so impressed by a facility. Undoubtedly there are issues that are not obvious, but
I can't make any recommendation other than to make the best possible use of NNMREC.

e Continue.
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The bullets below are a compilation of comments made by individual panel members during the evaluation
of this project.

Question 1: Relevance to water industry needs and overall DOE objectives

This project earned a score of 5.0 for its Relevance to water industry needs and overall DOE objectives.

The aim of this project is to get devices in the water to achieve TRL 8/9.
Critical to OTEC and Wave Energy industry advancement to have test sites and large demonstration sale site;
project permitting for NavyDOE 3 berth grid connected site by 2014 will be timely for most of the later stage
commercialization testing of wave devices.
HNEI has worked with DOE and Navy to develop a wave-energy test site (WETS) that will allow for
demonstration of grid-connected WEC devices at various representative depths.
The success of our National Marine Renewable Energy Centers will contribute to the success of the MHK

industry.
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Having a grid connected wave energy testing center in the US is a huge accomplishment. The partnership
with the Navy to make this happen is excellent. Good to see that deployments are already planned and
starting to happen.

Supports the Navy's needs to develop independent and renewable energy - an extremely successful
partnership between a national test center and the Navy.

WETS serves an important role that is different from NNMREC in that the wave environment is more benign
and conducive to early-stage development prior to subjecting a device to severe sea states

Upto 1 MW.

Pre-permitted for 2 different types - oscillating water column and overtopping devices.

Wave climate diverse.

Question 2: Methods and Approach to performing the research and development

This project was rated 4.9 on its methods/approach.

Excellent approach to coordinate with USDOD in site development of wave testing, sharing resources and
advancing USDOD RE goals.

The plan for developing and commissioning the facility integrates DOE & NAVFAC requirements very well
HNMREC is very well organized and extremely active.

Appears to be a very well-thought out approach with emphasis on environmental monitoring and independent
performance evaluations of devices, should yield good information to support future deployments in other
locations.

Although project encountered significant environmental permitting challenges, delays were limited to two
years and no cost extensions and expert team remained intact.

Diver/ROV inspections.

Numerical wave tank model in development.

Wave forecasting with real time buoys.

Question 3: Technical accomplishments and progress toward project and DOE goals

This project was rated 4.8 based on technical accomplishments and progress.

Close working consultation between HNEI/HINMREC has resulted in steady progress in environmental
permitting.

Site design is complete, environmental impact measurements are scheduled, and independent performance
assessment is underway.

Many successful projects, such as the Wave Energy Test Site and the 100 kw turbine at the OTEC facility.

3 berths at different depths available for testing, 30, 60, 80 M up to 1 MW peak.

Robust project plan and schedule for WETS.

Permitted - have FONSI - going through Navy reduced permitting issues that face other centers - DOE NEPA
combined.

Question 4: Project Management

This project was rated 4.8 on its project management.
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e The presentation format is not appropriate for a $10M Project; the information is not adequate for establishing
the effectiveness with which the results to date were accomplished. PM performance was well explained at a
very high level in the backup slides.

Well run center.

Have vessel availability and logistics well developed.

Schedule slipping some due to NEPA issues.

Raised significant budget through DOE, Navy, and State of HI.

Question 5: Research Integration, Collaboration, and Technology Transfer

This project was rated 4.8 for research integration, collaboration, and technology transfer.

e Astrong partnership between a university, the Navy, and private industry.

e Excellent collaboration model with USDOD and State of Hawaii providing matching funds and expertise.

e Technology transfer to the MHK Industry is impressive.

e Collaborates with industry, academia, and government.

e Collaboration between public, private, and academic community successful to date and planned going
forward.

e Good collaboration with the NNMREC team (UW and OSU) to assess noise and EMF.

e Providing link between DOE and Navy funding.

e Many papers and publications have come out of this already.

e OTEC work has informed some sea water air conditioning assessments.

Question 6: Proposed Future Research

This project was rated 5.0 for proposed future research.

e Bring on the testing!

e This project represents top level collaborative research meeting DOE and DOD project goals and Hawaii
economic development and RE goals and should be prioritized in future funding.

e The facilities appear to be well used in the foreseeable future.

¢ None suggested.

¢ Now that the test center is available it can be a center of research. Having three different berths and other
infrastructure and monitoring in place will allow for rapid advancements in research - particularly looking at
critical O&M and longevity issues of components.

Strengths and Weaknesses

Project Strengths

o WETS will be a world-class facility that can support early-stage, in-water demonstrations of Wave Energy
e Technical excellence.

e Partnership with Navy and use of existing naval facilities was huge in making this happen.

e Collaboration with all stakeholders.

Project Weaknesses

e Costs to transport a device to HI may not make this location cost competitive for developers (compared to
testing at either NNMREC or in Europe).
e None obvious.
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Specific recommendations for additions or deletions to the work scope

e Biofouling and corrosion studies should be coordinated with other USDOD and federal studies.
e DOE & Industry Partners should make maximum use of this facility.
e Continue.

177




U.S. DEPARTMENT OF Energy Efﬂciency &

ENERGY Renewable Energy MHK Panel Results and Project Evaluations

WH P 140044 Southeast National Marine Renewable Energy Center

Susan H. Skemp, Florida Atlantic University
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The bullets below are a compilation of comments made by individual panel members during the evaluation
of this project.

Question 1: Relevance to water industry needs and overall DOE objectives

This project earned a score of 4.8 for its Relevance to water industry needs and overall DOE objectives.

e Strong interest from international companies to test at this facility.

o Development of an ocean current energy test sites and academic center of excellence is essential, especially
given the tremendous challenges of permitting deep water sites.

e Development of an open-ocean test facility of CEC devices meets all of the Program Objectives. The scale of
the facility, although smaller than the other two, as well as the lack of grid connection are appropriate due to
emphasis on Tidal and Wave Energy in the near term.

e The success of our National Marine Renewable Energy Centers will contribute to the success of the MHK
industry.
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Having a location where developers of marine current generating technology can deploy and test turbines and
components is very useful to the industry.

Leader in field on permitting MHK on Outer Continental Shelf. In spite of delays on NEPA permitting, this
test site for devices through TRL 5/6 is still timely for industry development, because other options do not
exist.

Up to 100 kW per deployment.

Unique test site in world - Stellenbosch University, Japan, and Korea exchanges to date demonstrate potential
for this test site to emerge as true international leader to attract device developers

Barge testing.

Only current testing center in the world.

Question 2: Methods and Approach to performing the research and development

This project was rated 4.4 on its methods/approach.

Good method and approach to look for gaps in knowledge, and then collaborate with experts in field to
conduct research.

The approach of developing a non-grid-connected, 100kW test berth for TRL 5/6 devices is appropriate to the
near-term needs of CEC.

SNMREC is well organized.

Developed small 20 kW 3 meter turbine to test concepts, measurement and provide something that developers
can use.

The steady, patient approach to work with regulators to procure necessary permits, in spite of lack of MHK
permitting experience on OCS, is essential.

The 20kW "representative" turbine will support component development, controls development, and
environmental assessment of CEC impact.

Getting this developed in a convoluted and changing regulatory environment (BOEM, FERC) has been a real
challenge.

Future challenges will be to involve transmission and utility industry to discuss collaboration for cost
reduction on delivery of OCS power onshore.

The ocean-current characterization vis moored ADCP devices is a good approach to "calibrating" the facility.
Development of test site for mature device designs in more protected location will be important to complete
the test site potential.

Excellent work to coordinate with NREL and other experts in field to create basic turbine design, but project
should make effort to include USN which has extensive expertise.

Question 3: Technical accomplishments and progress toward project and DOE goals

This project was rated 4.1 based on technical accomplishments and progress.
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Creating the first test center to test ocean current systems.

Environmental permitting delays of over a year and a half have delayed accomplishments, but progress made
on turbine design and assembly and data collection.

Good progress seems to have been made in spite of NEPA hold.

Significant work on ocean current turbine.

1st FONSI under interim lease process for BOEM.

Seeking first BOEM MHK lease.

Sea trials completed, test turbine developed.
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Question 4: Project Management

This project was rated 4.0 on its project management.

o USDOE should review with test sites and federal regulators whether a different permitting approach, whether
phased, incremental addition of test berths, after initial data gathering and assessment of single device at
location, or whether more professional resources earlier in the permitting process, could have made permitting
process less painful.

e Schedule was severely impacted by NEPA hold, but FAU seems to have done as well as they could under the
circumstances and is operating on a revised timeline.

e Well run center.

e Appears to be on schedule and on budget though there were some NEPA delays.

Question 5: Research Integration, Collaboration, and Technology Transfer

This project was rated 3.9 for research integration, collaboration, and technology transfer.

e Strong efforts to create collaborative partnerships and to provide for technology transfer.

e Collaboration to date has only been with Embry-Riddle & NREL; making technology transfer to date limited,
but information is available on line.

e Collaborating with industry and academia.

e International community showing interest - developers and academics as this is only marine current testing
center in the world.

¢ Not much collaboration with industry demonstrated to date.

Question 6: Proposed Future Research

This project was rated 4.1 for proposed future research.

Important to develop mature technology testing capacity especially given challenges in OCS environment.
Future work appears to be related solely to facilities development. No usage by Industry is identified.

Many future research projects are suggested. Should be considered after present task are completed.
Continuing to build resource and environmental data that will support full scale demonstration and testing -
this seems like a smart approach that recognizes the potential environmental opposition that could occur.

Strengths and Weaknesses

Project Strengths

o Key site, given expense of OCS permitting.
e This facility will provide support for development of CEC devices.

Project Weaknesses

o  Will be helpful to shift to actual device testing, once site permitted, to realize full potential of site.
e There is no apparent usage of the facility by Industry at this time. This probably indicates the relatively low
emphasis that is be placed on ocean-current energy.
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Specific recommendations for additions or deletions to the work scope
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USDOE should explore with SNMREC and other national tests sites whether future funding should be given
to develop a strong distance learning, or joint degree program for students throughout the United States,
leveraging educational potential of all 3 test sites and their respective teaching capacities and testing facilities.
Consider DOE and NSF combined grant to fund a pilot long distance learning with other university partners
contributing local teaching support and guidance in engineering schools.

Although tidal and wave energy are receiving the greatest emphasis, this relatively-low-cost facility will
support the needs of the ocean-current portion of MHK as it develops.

Continue.

Consider DOE and NSF support for extending the existing work of Southeast and Northwest in developing
curriculum for STEM in 5 through 12 and informal learning challenge.

DOE should host a high level USN ONR meeting with SNMREC to assure that USN knowledge and
priorities are fully leveraged for technology support and funding the test site.




U.S. DEPARTMENT OF Energy Efﬁciency &

ENERGY Renewable Energy MHK Panel Results and Project Evaluations

6.5 Testing Infrastructure and Instrumentation

In order to perform rigorous device testing to validate and optimize prototypes, developers require comprehensive
test facilities. The program has provided funding to identify 20 tank testing operators in the U.S. with capabilities
suited to the marine and hydrokinetic technology industry. These facilities are compiled in the Hydrodynamic
Testing Facilities Database. The program supports the development of open-water, grid-connected testing
facilities, as well as resource assessments that will improve simulations in dry-dock and closed-water testing
facilities. The program also supports instrumentation development to enhance the testing capacities of these
facilities.

Table 6.5.1 lists the existing Testing Infrastructure and Instrumentation MHK projects that were reviewed during
the 2014 Peer Review meeting. Figure 6.5.1 illustrates the standard deviation of scoring of the existing Testing
Infrastructure and Instrumentation MHK projects in relation to the scoring of all projects reviewed in 2014.

Addressing Comments for National Marine Renewable Energy Centers and Testing
Infrastructure and Instrumentation Projects

The MHK Peer Review Panelists recorded many useful and actionable comments during their review of the
Office’s National Marine Renewable Energy Centers and Testing Infrastructure and Instrumentation projects.
These comments will be used to make key decisions and recommendations to those projects that will still be
receiving continued funding into future fiscal years, and will help guide Water Power Program decision making
and strategy into the future.

The reviewers rated with high marks the National Marine Renewable Energy Center (NMREC) projects. With
funding for NMREC research and development projects coming to an end, however, the reviewers suggested that
some of the work should have a mechanism for continued funding. The Program will consider this suggestion as
it plans its out-year funding opportunities.

For testing infrastructure, a general theme of the reviewers was for the program not to duplicate work that was
already being done by industry. For MHK test instrumentation systems, the program will have a better
understanding of the adequacy of system design and its usefulness following wave device deployments that will
occur in fiscal year 2015. The reviewers also cautioned about investing in large-scale test facilities, stating that
the program should carefully consider permitting and infrastructure cost, and use of international facilities in lieu
of a domestic testing capability. In response, the Program intends to continue its partnership with the U.S. Navy
at the Hawaii wave energy test site, as it is the only permitted open-ocean test site currently available in the U.S.
Before additional open-water test sites are pursued, the Program will collect design and cost information, and
consider the project against all the other program priorities.

Table 6.5.1 Existing Testing Infrastructure and Instrumentation MHK projects

Relevance
Methods
Accomplishments
Project
Management
Future Research

Technology Transfer

=
o o
iR =
o
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Table 6.5.2 lists the new Testing Infrastructure and Instrumentation MHK projects that were reviewed during the
2014 Peer Review meeting. Figure 6.5.2 illustrates the standard deviation of scoring the new Testing
Infrastructure and Instrumentation MHK projects in relation to the scoring of all projects reviewed in 2014.

Table 6.5.2 New Testing Infrastructure and Instrumentation MHK projects

Relevance
Methods
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o
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Figure 6.5.2 New Testing Infrastructure and Instrumentation MHK projects
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WH P 140045 MOIS: Modular Ocean Instrumentation System

Huskey, National Renewable Energy Laboratory
WHP140045

Project Title:

MOIS: Modular Ocean
Instrumentation System

Principal Investigator:
Eric Nelson
Organization:
National Renewable
Energy Laboratory
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The bullets below are a compilation of comments made by individual panel members during the evaluation
of this project.

Question 1: Relevance to water industry needs and overall DOE objectives

This project earned a score of 2.6 for its Relevance to water industry needs and overall DOE objectives.

o Aot of money spent that may not be applicable to all MHK devices/situations.

o Not clear whether a "gaps" analysis was done to determine what products existed in proprietary and military
world that could accomplish these goals without complete re-creation of a new instrumentation system

e Although this effort appears to support the need for testing infrastructure, it also appears to duplicate efforts
that are being performed by Industry and is developing equipment that is already available in the maritime
community.

e An open-source-design instrumentation system will be valuable to some MHK devices. However, this
technology will probably not be universally useful to the MHK community.
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Developing IEC testing system specifically to validate models - model validation is very important but this is
a great deal of money to spend developing something that was created out of off the shelf components - not
clear that this couldn't have been done with several separate existing systems instead of combining them all
into one package.

Not clear whether the project is needed to meet MHK industry needs, or whether this project is an overly
expensive route. Was there an analysis to determine whether the industry needs could be met with minimal
adjustments to existing products?

The need for short term testing data acquisition is real need; not clear this project was well engineered to meet
that objective.

Question 2: Methods and Approach to performing the research and development

This project was rated 3.1 on its methods/approach.

As noted above, not clear that this was the most efficient route to developing a robust test package for short
term testing purposes at test sites.

Spiral-development was a sound approach, but the implementation could have been more rigorous.

Well planned project.

Assessed available data acquisition systems and used these in combination - would it have been better to do a
cost/benefit analysis of developing this system integration instead of just using existing monitoring
equipment? Developing a standard monitoring protocol for all devices using existing components might be
more useful.

Is it wise to have all your sampling eggs in one basket? Do you increase risk of failure and/or compromise
functionality? How do you back it up?

Question 3: Technical accomplishments and progress toward project and DOE goals

This project was rated 2.9 based on technical accomplishments and progress.

Good that this has been field tested with WetNZ.

There was neither a UPS backup nor a backup OS disk, so a battery failure on the MOIS hampered data
collection for the WET-NZ in-water deployment.

Several versions of MOIS have been developed and used on several field projects.

Software failure on wetNZ deployment delayed that projects deployment.

Good that it has been used in the field and has been improved based on experiences.

Question 4: Project Management

This project was rated 2.9 on its project management.
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A lot of money spent on something that was deployed on one device.

Real confusion around actual and budgeted expenditures; how much has this cost to develop and was the
project budget well-constructed and developed?

The Project has met schedule milestones.

Well executed project.

Have spent 1.5 million so far on this effort. Not clear what product is other than testing system that can be
deployed on one device at a time.

Once the budget slides were explained, the cost history made sense. The estimate for FYY14 appears to simply
be the remaining funds and not the result of a bottom-up estimate to complete.
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e The costs seem very high for producing a DAQ system, even a ruggedized one.

Question 5: Research Integration, Collaboration, and Technology Transfer

This project was rated 3.5 for research integration, collaboration, and technology transfer.

e A good mix of public and private partnerships.

o While chief researchers involved come with deep expertise in field, it is not clear that planning phase included
specific directed inquiries to center of excellence to determine available technology to address this technology
need.

There seems to have been good collaboration between NREL, academia, and industry.

Collaborates with industry, academia, and government.

Working with a number of industry members and test centers.

Technology transfer is minimal to date, but appropriate.

Question 6: Proposed Future Research

This project was rated 2.6 for proposed future research.

e Is proposed future research necessary?
The project should provide for industry feedback on the ease of use and reliability of this package as deployed
in test centers.

e The MOIS is planned to be deployed for WET-NZ testing and Gen3 development is underway

e Proposed future research may not be necessary. After this project is complete, industry should decide if they
want to use the system.

e Money on system is already spent so if it works and can be economically deployed and gain good results then
it will be beneficial. If it is still a work in progress and may delay deployments or not successfully collect key
data then DOE should consider pulling plug on this effort.

Strengths and Weaknesses

Project Strengths

¢ NREL has learned a lot about developing in-water test instrumentation from the spiral development process.
e Several successful demonstrations.

Project Weaknesses
e This seems to duplicate efforts by some of the Industrial Partners to develop in-water test instrumentation
systems.

Specific recommendations for additions or deletions to the work scope

o DOE should assure that there is specific feedback from test centers and private sector on the efficacy of new
product.

o | find a recommendation difficult. NREL has clearly come up to speed in this area, but | am still in doubt
about it being an appropriate use of the skills of the National Labs as it seems to duplicate work that Industry
is doing or should be doing.

e Wrap up project and let industry continue the development if there is a need.

e Since MOIS is being used and will be re-deployed (in a later generation) for WET-NZ, DOE should simply
be aware of potential duplication and encourage collaboration if necessary.
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W H P 140046 Instrumentation System Development

Bernadette A. Hernandez-Sanchez, Sandia National Laboratories
WHP140046

Project Title:
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The bullets below are a compilation of comments made by individual panel members during the evaluation
of this project.

Question 1: Relevance to water industry needs and overall DOE objectives

This project earned a score of 3.2 for its Relevance to water industry needs and overall DOE objectives.

e This testing is applicable to more than just the MHK industry - why is funding from this program supporting
this testing? Let's use results from Oil & Gas industry, or the America's Cup team instead.

e This seemed to be a very reasonable use of SNL technology developed for Wind Power being applied to an
MHK problem.

e Interesting work that will be applicable to tidal and ocean current turbines.

e Conditioning assessment of sensors - fairly low budget compared to other programs but wondering if sensors
from wind blades are appropriate for marine environment. Does Navy or oil and gas industry have any
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technology to measure/monitor health and performance of structures in marine environment? Not clear if this
has been looked at before pursuing this research.

Question 2: Methods and Approach to performing the research and development

This project was rated 3.9 on its methods/approach.

Good to see knowledge from other industries being used to develop this.

There have been some valuable results to date in understanding the water absorption by the composite
material. The results are valuable for a wide variety of applications.

Well planned project.

Seeing how adhesive works in a marine environment to externally mount sensors. There is no reference to a
literature search and/or outreach to Navy and Oil & Gas industry to see if comparable work has been done
before pursuing this research.

Leveraging wind turbine research.

Question 3: Technical accomplishments and progress toward project and DOE goals

This project was rated 3.5 based on technical accomplishments and progress.

The Project met the goal of answering an important question.
Completing tests now.
No results yet have just started some in-water performance testing.

Question 4: Project Management

This project was rated 3.9 on its project management.

Good results for short money.
Well executed project.
Looks to be on schedule and on budget and finishing soon.

Question 5: Research Integration, Collaboration, and Technology Transfer

This project was rated 3.7 for research integration, collaboration, and technology transfer.

A good team of collaborators.

Very good collaboration between a National Lab, a university, a technology developer, and an
instrumentation supplier.

Collaborating with industry, academia and other national labs.

Worked with labs, university, and industry. Publishing results.

Question 6: Proposed Future Research

This project was rated 3.5 for proposed future research.
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Not Applicable - this work should be considered complete.
Proposed future research may not be necessary. Consider after this work is done.
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Strengths and Weaknesses

Project Strengths
o Utilizes expertise at SNL to develop technology for MHK.

Project Weaknesses
¢ No significant weaknesses.

Specific recommendations for additions or deletions to the work scope

o Another excellent example of good use of the resources of a National Lab.
e Continue.
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W H P 140047 Standards Development: IEC TC114 and the Ocean Energy Systems Agreement of the
IEA
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The bullets below are a compilation of comments made by individual panel members during the evaluation
of this project.

Question 1: Relevance to water industry needs and overall DOE objectives

This project earned a score of 4.9 for its Relevance to water industry needs and overall DOE objectives.

e Very applicable to the advancement of the MHK industry.

e Compliance standards development is essential to MHK industry development, providing guidance to device
developers, utilities, and regulators.

e US participation in international organizations will be critical to our country's ability to compete in this
marketplace.
This is important work and absolutely essential to the development of an MHK industry.

¢ International Standards - very important for US to be involved in this effort to make sure there are standards
that are bankable and insurable and that US developers can compete internationally.
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¢ International collaboration is essential to assure compatible US and international standards; essential to create
global marketplace for US developers.

Question 2: Methods and Approach to performing the research and development

This project was rated 4.5 on its methods/approach.

e Project method and approach is very well designed, building upon established international approach to
standards development in mature electricity and marine industries.

e This Project funds participation in the committees, allowing the US to have "voices at the table."
Well planned project.

¢ Providing leadership and technical expertise to development of standards and funding industry involvement -
seems like a great approach and creates great opportunities for international collaboration in other areas.

o Developing standards that will be applicable internationally - not duplicative with IEEE.

Question 3: Technical accomplishments and progress toward project and DOE goals

This project was rated 4.4 based on technical accomplishments and progress.

This is a long-term project and process, but surprising near-term progress has been made.

Participation in TC-114 TAG & IEA OES Annex V has been productive.

Many standards already written or being written.

Have made some limited progress to date but appear to have set the stage for development of standards in the
future.

e Two workshops held. Annual report published.

Question 4: Project Management

This project was rated 4.1 on its project management.

e As meeting scheduling and participation is very regular and predictable, management efforts are minimal.
Well executed project.

e Over 1.5 million spent so far - not a small amount. Not clear where all the money is going if support for
industry is primarily expenses and small stipends but international travel is expensive. Worth looking at.

Question 5: Research Integration, Collaboration, and Technology Transfer

This project was rated 5.0 for research integration, collaboration, and technology transfer.

¢ Important international work to assure high level participation and acceptance by nations.
This Project basically defines "collaboration.” The funding allows the US to be represented on international
committees. The resulting standards comprise the "technology transfer."

e Tremendous international collaboration.
That's what this is all about - international collaboration.

¢ Organized and held workshops, regularly updated website.

Question 6: Proposed Future Research

This project was rated 4.8 for proposed future research.
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e The important work for setting standards in the MHK industry that must be maintained.
e Proposed future participation is anticipated.
e Continued work on standards is important.
e Important to continue to work to develop and set standards now that framework for involvement and

decisions has been established.

Strengths and Weaknesses

Project Strengths

Excellent feature to have website developed and maintained to publicize the products of the TAGs.

The Project gives US National Labs, academics, and industry the ability to participate in international
committees that are influencing the future of MHK.

International collaboration.

Strong and consistent outreach to MHK development community and electric power sector institutional actors
to include key stakeholders.

Project Weaknesses

This is an expensive effort, running in excess of $1/2M per year

Specific recommendations for additions or deletions to the work scope
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Assure that regulator community is fully briefed in US and international forums.
DOE should continue to monitor this effort to assure that the US is well represented at a reasonable cost.
Continue.
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W H P 140048 Advanced Turbulence Measurements Methodology Development NEW

Robert Thresher, National Renewable Energy Laboratory
WHP140048
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The bullets below are a compilation of comments made by individual panel members during the evaluation
of this project.

Question 1: Relevance to water industry needs and overall DOE objectives

This project earned a score of 3.9 for its Relevance to water industry needs and overall DOE objectives.

e A cost-effective methodology that will help tidal development progress by identifying turbulence-induced
fatigue.

e The MHK industry needs a reliable low cost method to accurately gauge tidal turbulence conditions at
potential sites and to determine fatigue loading on devices. This project will address the spatial coherence
parameter that does not have a low cost estimate technique, and will develop reliable instrumentation and
measurement best practices measurement protocols.

e Having a standard method for measurement of turbulent flow that is applicable to various MHK systems is
important to verification and validation of computational models.
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e This turbulence-induced fatigue loading study is only helpful to turbine blades. And even for turbine blades,
this seems to be a small potential problem when compared to other turbine issues.

e Collection of turbulence data using buoy system to help inform models and designs. Seems like useful
information to industry but unclear how turbulence will change with the introduction of systems or even
measuring devices in the water column.

Companies are looking to the National Labs for determining what is important to consider in designs

e Provides wind experience to MHK industry partners.

Future application in modeling - validating models that show wake turbulence - will be important to
understand for array optimization.

e Good leverage of wind industry learning at National Labs.

Question 2: Methods and Approach to performing the research and development

This project was rated 4.1 on its methods/approach.

e Itis good to see they are using "off the shelf" devices (with slight modifications) to complete this work

o Dr. Thresher's 2 page Project Summary on Advanced Turbulence Methodology Development project gives a
good basis for how the project approach builds upon the current state of research knowledge with regard to
low cost estimation techniques for three other tidal turbulence parameters and carefully references research
done to date to gather relevant data. Good leveraging of University of Washington tidal turbulence mooring
research project and good planning to include PI Thompson from UW in the project. This was not clear from
the Kilcher presentation alone.

e Use of COTS IMU/ADV pair seems to provide good measurements of turbulence.

o Well planned project.

e Seems like a good system design that will yield useful information. The concept of designing a low cost
system for developers to use is good.

Strengths and Weaknesses

Project Strengths
e High value project objective, well-conceived plan, full use of existing research sources and centers of
expertise.

e Provides MHK with experience that NREL has gained during Wind programs.
e Sophisticated experimental plan and instrumentation.

Project Weaknesses

e The public outreach and education component of the project appears weak in the written materials and
presentation. Ramp up the focus on providing the end users to be benefited with the evergreen teaching
system to support the estimation system and best practices.

e The Project languished for a full year, trapping financial resources.

e Limited usefulness.

Specific recommendations for additions or deletions to the work scope

e Add a component part that the researchers present not only at current MHK and academic conferences, but
also create and post some innovative long distance learning options, such as a You Tube presentation or other
lecture on NREL web site. Assure multiple postings of the product in open source websites sponsored by
USDOE. "Push" to academic oceanographic centers for student training.

¢ Monitor the work closely to assure that adequate attention is being paid to it.
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W H P 140049 Marine and Hydrokinetic Testing Infrastructure Development NEW

Jim Ahlgrimm, DOE, (Multiple Projects)
WHP140049
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The bullets below are a compilation of comments made by individual panel members during the evaluation
of this project.

Question 1: Relevance to water industry needs and overall DOE objectives

This project earned a score of 3.5 for its Relevance to water industry needs and overall DOE objectives.

e | question the need for a third wave energy test center. Those in Hawaii and Oregon are making great strides
to developing these infrastructures - what would a third center do?

e The premise of the project is that the international MHK high energy test sites are fully booked, and that no
privately permitted fully energized sites are large enough to accommodate multiple devices and, therefore,
this additional initiative to develop a fully energized US site is needed. Agree that US MHK developers will
need access to highly energized test site, but a careful business case analysis should be performed before
creating one or more new test sites. Is it accurate that there is no access to international test site, or would it
be cheaper for US to ask international site to expand for short period and support same? Experience to date is
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that permitting of test sites has been extraordinarily expensive, slow, and difficult, so best to use existing
assets if possible.

e The project appears to fill a gap, but there seems to be some disagreement as to whether a fourth test facility
is needed at this time.

e This fully energetic wave energy test site will greatly benefit device developers.

e The concept of another test center is very interesting but | question spending this much money to look at 2
potential new test centers at this time. The HI center is just now opening and work continues to get PMEC-
SETS open for business. Would want to see those fully utilized and a clear need for a third site before more
money is spent on this. It could take a long time and a great deal of resources to develop, particularly at a
new location.

e California site is based on PG&E's waveconnect project. Maybe there is potential to get PG&E re-engaged in
this as an industry partner and develop as they originally intended for a commercial project that could be an
interim test center. Doing something at existing site (OSU or HI) would seem to make more sense than
starting another new test center.

Question 2: Methods and Approach to performing the research and development

This project was rated 3.1 on its methods/approach.

¢ | would assume the money spent on the CA site would be better spent to develop either the OR or Hl site

o Revise to require business case analysis of all existing highly energized test sites and why they are not
sufficient to meet anticipated US developer demand.

o Fair and open competition is the only reasonable approach, but the lack of an independent cost assessment is a
concern.

o Well planned FOA. Two excellent teams selected.

e Considerable amount of funding to pursue 2 new test centers when it is clear that at the most only 1 is needed.
Would want to see clear need and interest from the development community for a new deep berth site before
spending too much more on this.

Strengths and Weaknesses

Project Strengths

Good idea to create competitive site design approach.

Two well qualified teams are being funded.

Selection of two separate teams makes it more likely that a good design will be obtained.
OSU - Pacific Marine Energy Center South Energy Test Site.

Cal Polytechnic State university, California Wave Energy Test Center (CalWave).

Project Weaknesses

o Need business case analysis to fully inventory options and costs of new US site, given history to date with test
center permitting.

e The selection relies on contractors' estimates of cost.

e The selection process will cost $1.5M that could be put to better use in funding in-water demonstrations.

Specific recommendations for additions or deletions to the work scope

o Reuvise project plan to undertake business case analysis as first step before test sites develop their proposals.
o Carefully determine if there is greater need for near-term in-water demonstrations or for this facility.
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e Continue.

e Prior to a final selection (if DOE chooses to move forward) assemble a team to develop an independent life
cycle cost estimate for the test facility.
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6.6 Resource Characterization

The geographies, resources, technologies, and even nomenclature of the U.S. marine and hydrokinetic technology
industry have yet to be fully understood or defined. The program characterizes and assesses marine and
hydrokinetic devices, and then organizes the collected information into a comprehensive and searchable Web-
based database, the Marine and Hydrokinetic Technology Database. The database, which reflects
intergovernmental and international collaboration, provides industry with one of the most comprehensive and up-
to-date public resources on marine and hydrokinetic devices.

Table 6.6.1 lists the existing Resource Characterization MHK projects that were reviewed during the 2014 Peer
Review meeting. Figure 6.6.1 illustrates the standard deviation of scoring of the existing Resource
Characterization MHK projects in relation to the scoring of all projects reviewed in 2014.

Addressing Comments for Resource Characterization

The MHK Peer Review Panelists recorded many useful and actionable comments during their review of
the Office’s Resource Characterization projects. These comments will be used to make key decisions
and recommendations to those projects that will still be receiving continued funding into future fiscal
years, and will help guide Water Power Program decision making and strategy into the future.

Peer reviewer comments regarding current and new resource characterization projects focused on the
extent to which these projects plan to tap into existing sources of resource data for waves, currents, and
tides. Increased interagency and international collaboration along with greater industry involvement
were also encouraged to more effectively develop MHK technologies. It is the intent of these projects to
complement existing sources of public data, specifically for the purpose of developing the MHK
industry. Resource characterization is an important part of the industry’s ability to understand the
potential for energy capture, loads, design requirements, and more. Though there is currently available
public data on ocean conditions and resources, more often than not it was collected and/or recorded for
purposes other than the development of MHK technologies. The resource characterization projects will
take a look at this existing as well as new information through the lens of MHK development in order to
contribute the most value to the industry as a whole.

Table 6.6.1 Existing Resource Characterization MHK projects
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Figure 6.6.1 Existing Resource Characterization MHK projects
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Table 6.6.2 lists the new Resource Characterization MHK projects that were reviewed during the 2014 Peer
Review meeting. Figure 6.6.2 illustrates the standard deviation of scoring of the new Resource Characterization
MHK projects in relation to the scoring of all projects reviewed in 2014.

Table 6.6.2 New Resource Characterization MHK projects
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Figure 6.6.2 New Resource Characterization MHK projects
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W H P 140050 Flowfield Characterization for Tidal Energy Sites

Marshall Richmond, Pacific Northwest National Laboratory
WHP140050
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The bullets below are a compilation of comments made by individual panel members during the evaluation
of this project.

Question 1: Relevance to water industry needs and overall DOE objectives

This project earned a score of 3.9 for its Relevance to water industry needs and overall DOE objectives.

o Important for future project planning and siting, and overall industry growth, to obtain accurate detailed
turbulence data and to develop standardized testing instrumentation and measurement methods.

e The project provides key test infrastructure for assessment of inflow conditions at MHK devices.

e This turbulence-induced fatigue loading study is only helpful to turbine blades. And even for turbine blades,
this seems to be a small potential problem when compared to other turbine issues.

e Tidal turbulence measurements in Admiralty inlet using turbulence tripod and tethered moorings - seems like
it will be useful "before" data that can be used to measure how operating device affects turbulence patterns.
Also good data for validating hydrodynamic models.
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o Helpful to develop best practices on which instruments to use to measure for rapid site characterization vs
long term monitoring.

Question 2: Methods and Approach to performing the research and development

This project was rated 3.7 on its methods/approach.

e A good example of using existing scientific equipment to achieve results.
e Not clear that the project approach will effectively tap all the international work on tidal characterization and
measurement by MHK developers in UK and Europe, and by USACE, NOAA, and USN.
The approach will provide operational experience with performance of existing instrumentation at MHK sites.
o Well planned project.

e Performing field measurements using a couple of different systems at 2 sites and over a range of tidal
conditions.

e Measured turbulence intensity - came up with 10% number.

Question 3: Technical accomplishments and progress toward project and DOE goals

This project was rated 4.0 based on technical accomplishments and progress.

Good field data gathered.

Development of mooring buoy device to gather data is helpful.

PNNL has completed evaluation of instruments for characterization of flow.

Valuable field data collected.

Collected data that has been useful in understanding turbulence, validating models, and establishing methods

for data collection.

e Development of more refined understanding of application of turbulence is essential to MHK device design,
deployment and site selection decisions.

o Developed new mooring system that will be used in project described earlier.

Question 4: Project Management

This project was rated 4.0 on its project management.

o Work well done and completed.

e Not clear whether extensive prior research on these topics by USACE, NOAA and others will be fully
captured with the project plan implementation.

e The project returned some funding due to underspending while staying on schedule.
Well executed.

e Project has been going on for a few years but budget seems reasonable. Project largely complete now.

Question 5: Research Integration, Collaboration, and Technology Transfer

This project was rated 4.0 for research integration, collaboration, and technology transfer.

e A good example of a lab (PNNL) teaming with a university studying a proposed commercial tidal site (i.e.,
Snohomish County PUD's project area).

e The project needs to refine its efforts to tap prior and ongoing research in this area throughout the world and
in US federal and academic centers.
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e Good collaboration between 3 National Labs and the University of Washington has produced an impressive
list of publications.

e Collaboration with academia and other labs.

e A number of labs and Univ of WA involved. Benefits industry project. A number of publications and
presentations have resulted from this work.

Question 6: Proposed Future Research

This project was rated 2.5 for proposed future research.

o Work completed - results enables future research to be more focused and narrow down which instruments
would be more effective for future sampling.

e Effortis transitioning to FMC.

e Project complete. Transitioning to Field Measurement Campaign projects 140008, 140009 and 140010.

Strengths and Weaknesses

Project Strengths
e Project provided a key test infrastructure that is being transitioned to the FMC.

Project Weaknesses

e None.
e Limited usefulness.

Specific recommendations for additions or deletions to the work scope

o USDOE should emphasize the requirement of leveraging existing research as part of application process for
this type of broad characterization study.
o NA, the effort will be covered under the FMC.
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W H P 14005 1 DOD MHK Deployment Potential NEW

Mark Jacobson, National Renewable Energy Laboratory
WHP140051
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The bullets below are a compilation of comments made by individual panel members during the evaluation
of this project.

Question 1: Relevance to water industry needs and overall DOE objectives

This project earned a score of 4.4 for its Relevance to water industry needs and overall DOE objectives.

e The Navy (and DOD as a whole) is an extremely valuable partner that would enable the MHK industry to
advance.

e Great cooperative effort with DOD to meet DOE's MHK objectives and DOD objectives, creating a white
paper with rank order of potential high value MHK deployment sites within DOD naval installations.

e The Project has made an important contribution by studying the potential for MHK resource deployment at
DOD sites.

o This work will mainly benefit the Navy. Advantage to industry is indirect.
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e Screening DOD sites looking for potential resources for tidal, wave, and ocean current viability for project
development - this could help identify sites that the Navy could work with private developers to install
commercial projects. Maybe easier regulatory process on naval sites.

Question 2: Methods and Approach to performing the research and development

This project was rated 4.2 on its methods/approach.

Excellent project design, making use of available data and expert personnel within DOD and NREL.
Conducting a survey of downselected military bases is a very reasonable approach.

Well planned project.

Looking at 7 Navy sites, restricting information to others due to potential sensitivity.

Focused on US - 70 layer GIS used as screening/search tool.

Downselected to 10 sites (7 actually chosen).

Strengths and Weaknesses

Project Strengths

e Great DOE-DOD cooperation and sharing of resources and tapping NREL expertise for planning purposes.
o DOD bases represent a potentially useful site for in-water demonstrations.
e Strong collaboration with Navy.

Project Weaknesses

o Low priority for international sites may need to be revisited, as may provide easiest deployment path forward
in light of permitting requirements and costs at US bases.
e There is minimal downside risk to evaluating DOD bases as potential MHK sites.

Specific recommendations for additions or deletions to the work scope

e Exploring possibility of cooperation with DOD to locate a high energy test site in DOD facility makes great
sense, given the success of Hawaii effort.

e Monitor the project and make sure that resources are not spread so thin that this effort interferes with other in-
water demonstrations.

e Continue.
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W H P 140052 Wave Environmental Characterization at Wave Test Sites NEW

Vincent Neary, Sandia National Laboratories
WHP140052
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The bullets below are a compilation of comments made by individual panel members during the evaluation
of this project.

Question 1: Relevance to water industry needs and overall DOE objectives

This project earned a score of 4.3 for its Relevance to water industry needs and overall DOE objectives.

e Provides a uniform test approach at various wave sites.

e Catalogue of wave resource characterization at Tier 1 level and development of a framework for wave
classification will be helpful to advance site selection and device planning by device manufacturers

e The Project is developing a standard classification system for characterizing the potential of a given site

e Characterizes wave climate at the various wave energy test sites. This information will be extremely helpful
to the planning efforts of wave energy converter developers.

e Wave energy characterization at wave energy test centers - getting consistent information on test centers to
supply to developers.
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o Wave classification system development is discussed as an objective but it won't be a product of this effort
and in my opinion it does not really fit this effort. A wave classification system seems like something that
should be developed by international standards group and shouldn't be strictly US based or derived only from
test center wave regimes.

o Information that will result from this study will assist WEC developers as they choose which site/time frames
they want to test devices in - this should be useful for developers.

Question 2: Methods and Approach to performing the research and development

This project was rated 4.1 on its methods/approach.

o Working closely with both private industry (i.e., Columbia Power) and the wave test centers to refine this
approach.

e Good approach to focus on planning coordination with test centers and outreach to private sector to determine

needs of industry.

The Project is putting existing data from past efforts to good use.

Standard wave resource classification system.

Leveraging existing work and not reinventing wheel is very positive.

Leveraging information from NMRECs.

consistency in order to directly compare sites.

Common display of data, including wave power plots.

This information can be used to estimate power outputs for grid connected devices - could be useful for

developers in assessing potential electricity revenue that could result from test deployment.

o Weather window information is very important to the operation of a test site.

Strengths and Weaknesses

Project Strengths

e Will characterize and facilitate access to wave resource at 3 Tier 1 wave sites, including the Hawaii and
Oregon test sites, advancing the WEC device commercialization work at those sites. This is a near term
deliverable of concrete value.

e The Project will eventually allow Developers to select sites in a consistent manner.

o  Will produce data that is absolutely essential for any company considering using one of the wave energy test
sites.

e Collaborating with test centers.

Project Weaknesses

o Not clear what the existing wave classification systems of academic and defense research are not adequate for
WEC developer use, and not clear how even the initial steps toward wave classification envisioned by this
project, or the follow-on more detailed wave characterization work, will build upon the enormous existing
body of knowledge developed by expert centers. A literature search is the only planned connection.

o No Industrial Partners are included in the study to assure that the wave characterization system is useful to
them.

e This project has a certain "Not Invented Here, So Doesn't Exist" mindset.

Specific recommendations for additions or deletions to the work scope

e Strongly encourage USDOE to require the project to reframe its approach and to do active outreach on
national sources, including USN, USACE, NOAA and other centers of learning within federal government, as
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well as physical oceanographic centers of excellence, as well as other international centers of excellence on
wave studies to determine what research and characterization research has been done or is in process, and
whether that is sufficient for the planned wave characterization objective for MHK developers. Where
possible, include federal partners or other academic research experts in the project. The planned outreach to
USN to begin a partnership appears to be in the context of site characterization at Hawaii site.

e Suggest that Industrial Partners be exposed to the results of this project.

e Continue.
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7.0 Hydropower Panel Results and Individual Project Evaluations

The Water Power Program's hydropower research
and development (R&D) efforts focus on
advancing technologies that produce electricity
from falling or flowing water. For more than 100
years, hydropower has been an important source of
flexible, low-cost, and emissions-friendly
renewable energy. The program is currently
leading efforts to increase the generating capacity
and efficiency at existing hydropower facilities;
add hydroelectric generating capacity to non-
powered dams; and improve the environmental
compatibility of hydropower.
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For the purposes of the 2014 Peer Review,
Hydropower projects were organized into the
following four technology panels: Existing Ice Harbor Dam - Low Snake River

Hydropower, New Hydropower Development, httn://imaaes.nrel.aov/viewphoto.php?imaceld=6315789
Pumped-Storage Hydropower and Integration, and Market Acceleration and Deployment. Each panel was further
split into “existing” and “new” categories. Existing projects are those that received funding in FY2012 and
FY2013. The new projects are those that were most recently awarded (FY2014). The existing and new
populations were used for the comparative statistical analyses that were conducted on the quantitative evaluations
submitted by the panelists.

Figure 7.0.1 illustrates funding levels based on “new” and “exiting” Hydropower projects while figure 7.0.2
shows funding levels based on the Hydropower technology panels that were reviewed in 2014. The funding levels
in these figures span budgets from multiple years.

$7,965,000 $15,581,316
$14,884,923

M Existing Hydro
M Existing H New Hydro
m New 1 Market Acceleration
M Pumped Storage Hydro
Figure 7.0.1 Funding for new and existing Hydropower projects Figure 7.0.2 Funding based on Hydropower technology panels
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Figure 7.0.3 illustrates the weighted average overall scores and the relevance to Water industry needs and overall
DOE objectives scores for all existing Hydropower projects that were reviewed.

WHP140094 - lowa Hill Pumped-Storage Project

WHP140093 - Modeling and Analysis of Value of Pumped Storage Hydro in the United States
WHP140092 - 8.1.1 Modeling and Analysis of Value of Advanced Pumped Storage Hydropower in...
WHP140089 - Hydropower Fellowship Program

WHP140088 - The Basin-Scale Opportunity Assessment (BSOA) Initiative

WHP140087 - The Basin-Scale Opportunity Assessment (BSOA) Initiative

WHP140084 - Water Quality Modeling Improvements at Columbia and Cumberland River Basins
WHP140083 - Turbine aeration design software for mitigating adverse environmental impacts
WHP140082 - Sensor Fish

WHP140079 - Demonstration of Variable Speed Permanent Magnet Generator

WHP140078 - Laboratory Demonstration of a New American Low-Head Hydropower Turbine
WHP140077 - Small Hydropower Research and Development Technology Project

WHP140076 - W4e (“Water for Energy”) Hydropower Turbine Generator System Validation
WHP140075 - Scale-up of low-head SLH hydroengine

WHP140074 - SLH Timing Belt Powertrain

WHP140073 - SLH-100 Demonstration project at Monroe Drop

WHP140072 - Hydropower Energy Resource (HyPER) Harvester

WHP140071 - Harnessing the Hydro-Electric Potential of Engineered Drops

WHP140070 - Slab Creek Powerhouse Project

WHP140069 - National Hydropower Asset Assessment Program (NHAAP) - New Hydro Assessment
WHP140065 - 6.2.1 Collaboration with the International Energy Agency (IEA) on Annex IX:...
WHP140064 - Hydropower International Collaboration - IAHTP Annex XlII on Fish Passage Issues
WHP140063 - International Collaboration

WHP140062 - 45-Mile Hydroelectric Power Demonstration

WHP140061 - Hydropower Advancement Studies (HAP)

WHP140060 - Water Use Optimization Toolset - Conventional Hydroelectric and Environmental...
WHP140059 - Water Use Optimization Toolset - Index of River Functionality

WHP140058 - Water Use Optimization Toolset - HydroSCOPE

WHP140057 - Water Use Optimization Toolset - Enhanced HydroForecast System

WHP140056 - Water Use Optimization Toolset - Project Overview

WHP140055 - ARRA: Hydroelectric Facility Modernization Program

WHP140054 - 9505 Water Use Analysis

WHP140053 - National Hydropower Asset Assessment Program (NHAAP) — Existing Hydro Fleet —...

0.0 1.0 2.0 3.0 4.0 5.0
Score

= Weighted Average Overall Score
M Relevance to wind industry needs and overall DOE objectives

Figure 7.0.3 Relevance and weighted average overall scores for all existing Hydropower projects
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Figure 7.0.4 illustrates the weighted average overall scores and the relevance to Water industry needs and overall
DOE objectives scores for all new Hydropower projects that were reviewed in the 2014 Water Power Peer
Review.

WHP140096 - Real Time Market Analysis NEW
WHP140095 - 8.1.2 Optimization of Pumped Storage Hydro...

WHP140091 - Annual Hydropower Market and Trends Report NEW
WHP140090 - Hydropower Workforce and Education/Training...
WHP140086 - Biological Design Criteria for New Hydropower...
WHP140085 - Biological Design Criteria for New Hydropower...

WHP140081 - New Hydropower Innovation Collaborative NEW
WHP140080 - Cost Data Collection and Modeling for...

WHP140068 - Hydropower Flow Measurement NEW

WHP140067 - Hydropower Flow Measurement NEW

WHP140066 - Quantification of Reliability and Cost Impacts for...

0.0 1.0 2.0 3.0 4.0 5.0
Score

Weighted Average Overall Score
M Relevance to wind industry needs and overall DOE objectives

Figure 7.0.4 Relevance and weighted average overall scores for all new Hydropower projects

Individual Hydropower project evaluations, including scoring results and detailed verbatim comments from the
panelists, are included in the following technology panel sections.

7.1 Existing Hydropower

The Water Power Program helps industry harness this renewable, emissions-friendly resource to generate
environmentally sustainable and cost-effective electricity. Through support for public, private, and nonprofit
efforts, the Water Power Program promotes the development, demonstration, and deployment of advanced
hydropower devices and Pumped-Storage Hydropower applications. These technologies help capture energy
stored by diversionary structures, increase the efficiency of hydroelectric generation, and use excess grid energy
to replenish stored water reserves for use during periods of peak electricity demand. In addition, the Water Power
Program works to assess the potential extractable energy from domestic water resources to assist industry and
government in planning for our nation’s energy future.

Addressing Comments for Existing Hydropower

The Hydropower Peer Review Panelists recorded many useful and actionable comments during their review of the
Office’s Existing Hydropower projects. These comments will be used to make key decisions and
recommendations to those projects that will still be receiving continued funding into future fiscal years, and will
help guide Water Power Program decision making and strategy for the future.

It was particularly encouraging to read that, in relation to most of the recently initiated Existing Hydropower
projects, Peer Review Panelists had relatively positive comments regarding the scope, intent, and value of these
new projects. Holistically, these new projects received relatively high scores regarding their relevance to industry
needs. Many of the key observations made by Panelists refer to incorporating end-users into the scoping process
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early on in the project development lifecycle to ensure the appropriate level of value transfer to industry. The
Program fully intends to incorporate this feedback into its project planning process.

Several comments focused on the difficulty of conducting broad industry-wide studies on issues that may be very
site or situation-specific, such as flow measurement and quantification of reliability and cost impacts for
hydropower assets. DOE plans to actively engage industry in these studies, and has already begun forming
partnership with industry groups to solicit feedback and ensure maximum value to the broader industry. In
addition, the DOE has a role to fund high-risk, high reward projects that may not be conducted solely by the
private sector, and transfer those results to hydropower owners and operators. These projects fit that description,
as recognized by the high “relevance” score provided by the panelists. However, DOE will take steps to ensure
these projects do not take unnecessary risks and produce results that are useful to and vetted by the hydropower
industry.

Another set of comments received from the Hydropower Peer Review Panelists in the area of Existing
Hydropower projects focused on the extent to which any of the results or products of any given project can be
successfully transferred to other stakeholders within the hydropower industry. DOE places a strong priority on
technology transfer, and has integrated technology transfer components within the project management
deliverables for each of these projects, while protecting any proprietary data contained within the datasets or
models. To achieve this goal, the DOE has been actively engaged with industry through a variety of avenues,
including partnerships with industry groups such as CEATI, EUCI, and NHA, which comprise the majority of
hydropower ownership in the United States. In addition, the DOE is actively leading the Hydropower Vision
Project, where existing data will be vetted from industry experts and additional data solicited to improve tools.

Based on this feedback, the Office will, in the future, more carefully weigh the value of projects to ensure
maximum value for the broader hydropower industry. Modeling capabilities will be given close scrutiny to ensure
that there is an end-goal in sight, and that the tools are developed with greater levels of industry input and
involvement throughout all stages of the model development. DOE’s recent forming of industry partnerships
demonstrates a commitment to ensuring this takes place.

Table 7.1.1 lists the existing Hydropower projects that were reviewed during the 2014 Peer Review meeting.

Figure 7.1.1 illustrates the standard deviation of scoring of those projects in relation to the scoring of all projects
reviewed in 2014,
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Table 7.1.1 Existing (FY 2012 and FY 2013) Hydropower Panel projects
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Program (NHAAP) — Existing Hydro Fleet

— Database and Analyses
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Standard Deviations from Review Average
Performance x-axis [ Relevance y-axis

Existing Projects - Existing Hydro Projects
R?=0.45

3o
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Figure 7.1.1 Existing (FY 2012 and FY 2013) Hydropower Panel projects

Table 7.1.2 lists the newly-funded Hydropower projects that were reviewed during the 2014 Peer Review
meeting. Figure 7.1.2 illustrates the standard deviation of scoring of those projects in relation to the scoring of all
projects reviewed in 2014.

Table 7.1.2 Newly-funded Hydropower Panel projects

Relevance
Methods

Weighted Average

w
~N

.h
=

Hydropower Flow Measurement NEW Marshall Pacific Northwest 6.0 RN 4.4
Richmond | National Laboratory

Quantification of Reliability and Cost Impacts = Brennan Oak Ridge National 6.0 WA 4.0

for Hydropower Assets — NEW Smith Laboratory
Hydropower Flow Measurement NEW Brennan Oak Ridge National 6.0 IVA 4.0
Smith Laboratory
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Figure 7.1.2 Newly-funded Hydropower Panel projects
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W H P 140053 National Hydropower Asset Assessment Program (NHAAP) —Existing Hydro Fleet —
Database and Analyses

Shih-Chieh Kao, Oak Ridge National Laboratory

WHP140053

I

Relevance | Methods | Accomp. TechTrans | Future WtAvg

Project Title:

National Hydropower
Asset Assessment

Program (NHAAP) —
Existing Hydro Fleet —
Database and Analyses

w
Il

Principal Investigator:

Shih-Chieh Kao

[uny
!

Organization:

Oak Ridge National
Laboratory

100%

50%
o M mi & L LK _n
1.2.3.4.5]1.2.3.4.5{1.2.3.4.5|1.2.3.4.5]1.2.3.4.5(1.2.3.4.5|1.2.3.4.5

30 Standard Deviations 4%
from Review Average

Panel:

Existing Hydro

Budget: oo | e o e Performance X-axis
. Relevance Y-axis
$1,850,000 DOE 30 > 7%
O 0 S v o D 20 O n n 0 o
Sg22£53| . 82 255
$0 Cost-Share S£2 E£5% S <o =5
22y < 0o 20y < u
=2 8 T = g
x (= -lo © ~
-20
Metric Performance 30 Scoring Driver
Review Wide 30 20 Ao 00 1o 20 30 Project Specific

The bullets below are a compilation of comments made by individual panel members during the evaluation
of this project.

Question 1: Relevance to water industry needs and overall DOE objectives

This project earned a score of 4.5 for its Relevance to water industry needs and overall DOE objectives.

o Critical to success of Water Power program — foundational.

e The existence of the NHAA Existing Hydro Fleet Database is important in principle, certainly to guide DOE
in the research agenda and of use for informing policy (potential use to executive and legislative branches).
The main use to date seems to be support of DOE R&D efforts. Although the DB is accessible to the public, it
may be of limited use for market acceleration due to lack of detail for specific sites, lack of cost/financial
information. Also, use for R&D by the public and academic sectors is limited as well.
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It is not clear why the confidential information is being collected when it will be difficult to make the
information publicly available. If this is true, would a partial set of data on the existing hydro fleet is still
useful in performing planning studies.

There is value in understanding the existing hydro assets and the environmental challenges but also need to do
more to highlight the environmental benefits associated with each one.

Critical information for future development of hydro and management of assets.

This is a great project. It is important for DOE to continue to develop this program for USA hydropower
development. But it is recommended that the scope be limited to highest priority information and results that
are significant and can be predicted with relatively high degree of confidence. The scope should be limited to
address specific objectives with guidance by developers, including their consultants. The return on
investment would be greatest with wide-spread use by developers and Federal, State, and local governments
that develop hydro projects.

To address the objective of reducing deployment barriers data is needed that goes beyond environmental
impact / ecosystem information. In many or most locations in the US, dams have multiple purposes that often
conflict with generation, e.g., supply, flood control, etc. Information about these uses are necessary in
considering potential hydropower development.

Database needs to include planned capacity additions, refurbishments, efficiency improvements, major
planned outages (multiyear), retirements, transmission and interconnection limitations, etc.

Basis for further investigation of environmental attributes.

I reviewed the water quality information that is provided through the public portal, and | found references
only to 303d list information. Using only 303d listings for identifying water quality issues for hydro projects
would be misleading for broad-scale assessments. Information that is useful includes water quality data
(sources: BASINS 4.1 and STORET), water quality criteria, NPDES permits, wasteload allocation models,
watershed studies and management plans, and monitoring programs. Models are available to predict changes
in water quality due to new hydro as well as other waterway uses. The main water quality issues facing hydro
are identified through obtaining State 401 Certificates, so emphasis on these requirements is an important
consideration for every dam.

Most of the Hydro fleet is meant to capture energy incidental to water delivery obligations, and that should be
reflected in the dataset. So, Residual Capacity and Operating Availability could be assessed as that data get to
be used.

Addresses need for a more common representation of data for future analysis of power facilities, resource
assessments, and integration.

In the design of the dataset, the utility value of the collected data and granularity of the data need to be kept at
the level that the intended user would need to conduct future research or studies.

Question: does non-[powered dam assessment contain any sensitivity to potentially reduced flows due to
climate change.

Question 2: Methods and Approach to performing the research and development

This project was rated 4.2 on its methods/approach.
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Continual updating of data is important.

Good contributions in terms of establishing standard formats for the hydropower data and cross-referencing.
More information about use of metadata would be useful for this evaluation.

The approach was not clear, as the presentation was not focused on developing the dataset but rather on the
NHAAP program as a whole.

Environmental attributes - Is it intended to highlight environmental and societal benefits also? Too often, the
benefits of reservoirs are ignored and "not mapped”. These reservoirs mitigate billions of dollars in flood
damage, provide drinking water supplies and water for aquatics during severe droughts, store water for
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recreation releases, access areas and parks, provide fishing, skiing, etc. etc. etc. Better educating the public on
the benefits would help them make more objective assessments of the cost/benefit balance for hydropower
projects, especially when comparing hydro to other choices of generation, their challenges, and benefits.
Logical approach starting with resource assessments, base layers for existing facilities with provisions for
more detailed owner proprietary information.

The methods applied to this project are very good overall for hydropower planning studies...the most
advanced studies ever undertaken, applying advanced computer modeling to highly variable hydraulic,
aquatic life, and water quality systems and providing the best available information attainable providing
significant access to information and data for existing and new hydro projects across the country.

Need to continually validate.

There are many complex issues that may not have yet been addressed: For sensitive data, there is a need for
carefully structured and managed multi-level access. It would be useful to include all data that constrains
hydropower development including other uses of water in addition to environmental services.

Non-disclosure: need consistent policy and cooperation of private utilities. It may be possible to present
sensitive data in an aggregated form or other mechanisms to be useful.

Question 3: Technical accomplishments and progress toward project and DOE goals

This project was rated 4.3 based on technical accomplishments and progress.

Impressive progress. Keep sharp focus on this.

Much data has been collected, the data formats have been developed, dynamical updating procedures have
been developed, very nice web access.

Solid information compilation for existing hydro.

Started in 2010. Good, orderly progress consistent with resources available.

Reports have been produced, the models and model applications have been demonstrated, model inputs have
been developed building on what other agencies have produced in a cooperative effort integrating all the work
and inputs. The modeling system can address challenges to hydropower development. Much has been
learned through the work completed to date. The end products have been very useful for DOE applications as
well as to other agencies.

Question 4: Project Management

This project was rated 4.4 on its project management.

Progress to date indicates good PM. Don't back off. This is a critical project that needs to be maintained and
expanded.

This sizable project is on time or ahead of schedule and on budget.

Good compilation of background data.

Excellent project management is evident by reviewing the accomplishments; the models developed and
documented reports, and meetings with those outside DOE.

Not sure what is intended by "supply chain analysis" but want to be wary of roads that can lead to lots of
project costs but with little general benefit.

Question 5: Research Integration, Collaboration, and Technology Transfer

This project was rated 4.0 for research integration, collaboration, and technology transfer.
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Good collaboration in data acquisition. Need to do more outreach to advise industry, academia, and
environmental communities of availability of information.

Good collaboration with all major public hydro entities and FERC. Ultimate success will depend on
cooperation of private utilities as well with NDAs.

Good extraction/compilation of information from multiple databases.

Connection with federal and private owners of the federal hydropower fleet.

I think this project serves as a great example of research integration and collaboration. The public portal for
providing information is good, but needs review by likely users of this modeling system, e.g., the "water
quality"” inputs point addressed under Q1.

Need to loop in other federal resource agencies involved in hydro - FWS, NMFS, USFS, etc.

Use of academic institutions for assistance seems ok; we have no way to evaluate the efficacy.

User support is important (presentation claims this advice is available).

Question 6: Proposed Future Research

This project was rated 4.1 for proposed future research.

Need to keep this up-to-date.

Continued development and support of this effort by DOE is of paramount importance. Future funding is not
yet proposed.

Suggest compilation of positive "environmental attributes” in addition to the issues that are often framed, or
attempted to be framed, as negatives against hydro (ESA issues, GHG, etc.). This suggestion has recently
been submitted and will be followed up by DOE.

Evaluation of economic and environmental benefits of existing fleet needed.

The "Next Steps and Future Research™" are good next steps; | would encourage 1- to 3-day workshops for
training developers and/or their consultants.

Focus on improving quality of key data as a priority over adding less valuable layers.

Need to develop and coordinated future project plan.

I see diminishing return on investment going forward. Mitigation, especially for water quality requirements,
depends on site-specific considerations that are not well-developed until developers show they can predict
water quality related to new hydro, including effects of regulations and operations. Aeration systems can
result in excessive TDG levels under site-specific conditions for inflowing water as well as turbine system
design. Perhaps a tiered process could be developed to first characterize water quality and then as the design
advances and water quality requirements are defined, mitigation could be considered.

Strengths and Weaknesses

Project Strengths
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Foundational to industry policy makers.

Addresses a great need and potentially very useful. Technological approaches seem advanced and
maintainable. Much progress has been made and strong collaboration with other agencies is key to future
benefits.

Useful accumulation of data sources.

This is foundational to the hydropower industry. Good first steps to putting together data for existing hydro
fleet.

Will be very useful for future analysis and investigation.

Good collaboration with hydropower industry.

Commitment to keeping database updated.
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Project Weaknesses

Data can be used by hydro opponents -- be thoughtful on what is presented and how it's presented

May not contain enough or right kinds of data to be really useful. Need to identify uses more specifically to
"test" usability. Plan for sensitive data and levels of access should be developed.

More should be done to transfer use of the modeling system to the private sector==> to developers and/or
their consultants

Improve non-federal outreach and outreach to non-hydropower stakeholders.

Have not have captured non-federal fleet as fully as federal fleet.

Protection of confidential information.

Specific recommendations for additions or deletions to the work scope
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Very important to protect confidential and critical energy infrastructure information.

DOE should continue to support this effort in future.

Look at cataloging the positive attributes of particular hydro locations and assessing what can be multi-billion
dollar value benefits of reservoirs - including hydropower reservoirs. There have been numerous studies of
where the ESA issues are nationally, but there has not been much balance to the societal benefits discussions
of hydro - drought mitigation, flood mitigation, recreation, water supply, etc. on a national scale.

Increase outreach with industry.

Please see lines 16, 17, and 99.

Beef up outreach to non-federal owners and environmental community.

Recommend development of a list of specific representative questions or inquiries to the DB and
documentation of how the DB will support these. This may guide the focus of development.

Develop and communicate outyear plan.

Be sure to mine data developed during non-federal hydro relicensing.

Integrate data that outlines the environmental and economic benefits of the fleet.

Need to include positive attributes: flood control, water supply, recreation, etc.

Further discussion on how deep to go with this; i.e., maintaining confidentiality of information.

Be sure to assess how data will be used -- the value of the data to maintaining and growing hydro -- in
deciding what information to add. Focus on the highest value data to drive policy. Don't keep piling on lower
value data. Focus on the high value data.

Direct outreach by DOE to non-federal owners may get better engagement than going through NHA.
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W H P 1 40054 9505 Water Use Analysis

Shih-Chieh Kao, Oak Ridge National Laboratory
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The bullets below are a compilation of comments made by individual panel members during the evaluation
of this project.

Question 1: Relevance to water industry needs and overall DOE objectives

This project earned a score of 3.9 for its Relevance to water industry needs and overall DOE objectives.

Would be of even more value by expanding key findings to non-federal hydropower -- the other 50%

The idea of a climate change study is vitally important for the hydropower industry in understanding the
range of possible future conditions and developing strategies to deal with the future as it evolves.

One should look at other climate change model results/scenarios that are being adopted in Integrated water
management plans throughout the US.

Climate change impacts to Federal Hydropower — Congressional Required Report - Who are the end users?
What are the expected action plans for these end users? And what is the impact and revised plan if the
predicted forecasts are in error?

Need to know the risk of climate change to future hydropower deliveries and development.
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The Value of this project is scored less than 5 considering the 30-year forecast provides buffer for waiting for
future forecasts.

One should focus on developing and demonstrating a methodology that allows different planning groups to
model available Climate Change scenarios to identify system improvements and added flexibility needs in
their adaptation efforts for potential climate change impacts.

A relatively expensive initiative at $1M for this study. Will different hydro planning decisions actually be
made based on the outcome of this study? | have trouble seeing that. Based on statistical average variation in
rainfall, the PMAs should already be hedging their bets regardless of the forecast of climate change. It would
be very difficult to make a major financial commitment based on what, in spite of today’s best technology,
must be considered a speculative forecast with significant uncertainty.

Question as to usefulness because of inaccuracies of models.

Project provides valuable impact to hydro goals for Federal projects as well as other hydro projects. Climate
change impacts to hydro need to be better understood as well as forecasted for planning and operational
decisions going forward.

Relicensing for non-Federal hydro can benefit from this project. All basins in the USA are having to address
this issue.

Question 2: Methods and Approach to performing the research and development

This project was rated 3.4 on its methods/approach.
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Good use of available climate change data.

The first assessment was flawed in projecting only 30 years - not long enough to see significant changes. The
reasons stated for this short timeframe such as unknown future policy decisions and short lifespan of hydro
equipment are simply not good reasons. All climate change studies mandated by the Secure Water Act are
subject to great uncertainties, not the least of which are the climate projections themselves, but also future
demands, economic states, technology, policy etc. The purpose of these studies is to try to anticipate a range
of futures and understand how sensitive the future is to various drivers. Whereas it is not possible to assign
probabilities to these future scenarios, it is useful in formulating adaptation strategies and plan for monitoring
the future.

There is no need to start from the downscaling stage in model development, as this been done already, and
adapting different technique may not add great value in meeting objectives or provide more confidence in the
results.

Particularly in the private sector, | doubt that this report could drive significant near-term directional change
regardless of the forecast outcome.

Built of Section 9503 analysis that Reclamation performed.

This is a relative score considering the state of model development. The approach used for this study is sound,
but improvements over time will likely allow even better results.

Need to keep updating as climate change data/models improve.

This study opted to sink a lot of resources into downscaling, but did not expend the effort needed to consider
detailed site-specific project information such as conflicting water uses. The priorities do not seem
appropriate for a DOE Hydropower study; other studies have provided good downscaled data which could be
used for this study, but no other study would consider specific hydropower issues.

The approach should focus on the utility value of the techniques that are being proposed relative to what's
available. Unless there would be value from the proposed approach, one should focus on demonstrating the
value from early planning needs to mitigate potential impacts from climate change.

Built on current methods of determining impacts of climate change. Question the true accuracy of these
models.
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e Unless there is a tangible benefit that could be demonstrated from starting this effort from the downscaling
level, one should use what is already available to speed up progress of the case studies.

Question 3: Technical accomplishments and progress toward project and DOE goals

This project was rated 3.3 based on technical accomplishments and progress.

e Progress was made via two key publications: the report to Congress and the technical manual that describes
the methods and results. This result is adequate but falls short of the technical results that could have been
produced with a more comprehensive study.

e Slow in delivering the first report.

o Results of the assessment were developed using sound approaches that were reviewed and coordinated with
agencies having technical expertise and responsibilities in climate change science and modeling.

Question 4: Project Management

This project was rated 3.8 on its project management.

The project management itself appears to be competent, having completed the study in the timeframe.

o Need future plan and budget. Since it required by Congress, may not be much latitude to not do this but there
could be a more collaborated approach.

¢ Results and end-products are state-of-the-art and well presented for the federal portion of the US hydropower
portfolio. A consistent approach was applied to all parts of the US.

e Current PMA contracting mechanisms were found to be sufficient to deal with climate change variability.

e Specific recommendations were presented to the PMA's to proceed through climate change.

Question 5: Research Integration, Collaboration, and Technology Transfer

This project was rated 4.2 for research integration, collaboration, and technology transfer.

e The research was done in collaboration with other agencies and PMAs. This is very good but could have gone
farther in using downscaled data produced by others.

e Results of the assessment were developed using sound approaches that were reviewed and coordinated with
agencies having technical expertise and responsibilities in climate change science and modeling. End
products were presented using effective graphs, charts, and tables.

Question 6: Proposed Future Research

This project was rated 3.8 for proposed future research.

e Qutreach to hydro owners is essential.

e The 9505 assessments must be carried out every 5 years. The August 2013 report to Congress proposes
establishing ongoing monitoring and data collection in cooperation with the PMA and federal hydro owners,
and would include financial information. This could be integrated with the NHAAP to avoid duplication. The
other plans for the next assessment reflect the type of climate change study that could be useful: integrate
water resources planning, explore interactions among power systems with PMA and between PMAs and the
larger markets. See also recommendations.

e Not sure of the value of highly uncertain forecasts and how much stock to put in the results. This is a
significant amount of funding ($1M) just to say that we need to remain flexible and monitor the situation.
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e Need to improve climate modeling that feeds into this if we are going to continue.

e Next steps and future research was presented. It is comprehensive regarding scope for developing better
modeling results, considering science as well as application. The overall focus is on developing assessment
end-points that are relevant to PMAs, the Corps, and Bur Reclamation regarding management decision-
makers.

e The remainder of the current project involves planning for the next assessment.

Strengths and Weaknesses

Project Strengths

e Important question to ask.

e Produced the documents required by the Secure Water Act; recognizes in the report to Congress that much
more is needed.

e Climate change is one of the most challenging problems facing integrated resources and water management
plans. There is a great need for standard approach that help planners to assess system needs in their efforts to
develop adaptation plans for climate change impacts.

e Good start.

e This project is well-focused on the objectives for the project.

Project Weaknesses
o Doesn't address non-federal hydropower. Even if depth is less for non-federal hydropower, it could still be of
high value.

o Timeframe not long enough to consider many climate change scenarios. Too much project resources spent on
hydrology (downscaling) that could have been spent on details of hydro facilities, economics, future
projections of the market, etc.

o Time is the essence in conducting these studies, as others are engaged in parallel efforts. So, one should limit
the scope to what's actually needed and will add value.

o All forecasts are wrong - the extent to which they are wrong can only be determined after the fact. This is a

very complex global situation to attempt to forecast out 30 or more years.

Looked at 132 federal plants, (Reclamation, USACE, and IBWC). Did not look at private or TVA.

Uncertainty of future climate conditions.

Have you heard anything from Congress.

Need future plan and budget.

Need to improve timeliness.

Specific recommendations for additions or deletions to the work scope

o Find ways to share key findings with non-federal hydro owners.

e Enhance the NHAAP for the data needed for the next assessment rather than duplicating DB efforts. On the
next assessment, in addition to the specific plans listed in the report to Congress, consider the following: use
hydrologic projections produced by other agencies; extend the timeframe out at least 50 years; incorporate
projections of increased Hydro (goals of DOE for 2030); consider increased need for integration of other
renewables; consider all other conflicting uses of water that will be affected by climate change; focus on
scenarios and characterizing the sensitivity of the system with respect to dominate forcings.

e Survey the end users to see how they will use the results of this study and put them into action. If they do not
have specific implementable action plans, the study must gain their confidence or the study can be dropped.

e Coordinate with other agencies/owners that are also doing climate change modeling and assessment of
impacts.
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The bullets below are a compilation of comments made by individual panel members during the evaluation
of this project.

Question 1: Relevance to water industry needs and overall DOE objectives

This project earned a score of 3.6 for its Relevance to water industry needs and overall DOE objectives.

e Great to actually build additional hydropower. Would be more valuable if lessons learned were shared.

e Consistent with DOE objectives of increasing quantity and value of hydro; also with ARRA objective of
stimulating the economy.

e Aging infrastructure is a very challenging area for the existing hydropower fleet, as most installations are
facing end of life cycle refurbishment/replacement needs.

e Encourages development of high return hydro rehab projects.
Benefit limited to those that were successful in receiving the FOA award.

e Good use of ARRA funds toward upgrading facilities to increase generation at non-federal projects and
improve environmental performance. Limited benefit to R&D.
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e Economic viability should be demonstrated based on project's economics before DOE's funding, to encourage
other utilities to follow suit.

e developing capacity incidental to low flow releases and technology upgrades to enhance the range of
operation of a plant/unit are excellent areas to focus on in future demonstrations.

e Although not every similar project will end up with a federal nexus, it would be good to develop a roadmap
that shows processes, permitting, etc. and the milestones that need to achieved.

Question 2: Methods and Approach to performing the research and development

This project was rated 4.0 on its methods/approach.

Good diversity of projects, technologies and geographic distribution.

Beneficial use of high cost share; projects selected that would both create jobs and increase hydro.

This is funding that encourages efficiency projects and has delivered tangible in-the-field results.

Project was well conducted. Addition of aeration for the small unit addition at Abiquiu Hydro was good.
Other measures at selected projects enhanced biological benefits by reducing fish injury and mortality while
increasing capacity and reliability, and reducing maintenance costs.

o Great way to leverage federal funds.

Question 3: Technical accomplishments and progress toward project and DOE goals

This project was rated 4.2 based on technical accomplishments and progress.

e Fantastic that the projects were actually built!

e The projects have generally succeeded and objectives have been met; efficiency has been documented

e At Cushman No. 2 Dam owned by City of Tacoma where fish passage has been blocked since the late 1920's,
the DOE ARRA co-funding helped develop an innovative fish collection and passage system that supported
the reintroduction of Washington's endangered steelhead and salmon upstream from the dam.

e Good example of public/private partnership.

e Projects demonstrated power generation improvements using modern turbine technologies to upgrade existing
facilities.

Question 4: Project Management

This project was rated 4.3 on its project management.

e Not clear what DOE's PM role was. Sounds like it was more monitoring than PM. Good PM got the projects
successfully completed.

e Appears to be effective - some projects were cancelled; others found to substitute. Projects completed on time
for most part.

e Project Management from the participating utilities was apparent.

e Projects using $32 million of Federal co-funding with the private sector were completed on schedule within
budget. Active management resulted in successful redirections of funds to other alternatives.

Question 5: Research Integration, Collaboration, and Technology Transfer

This project was rated 3.0 for research integration, collaboration, and technology transfer.

e Doesn't sound like this was part of project. Seems like a missed opportunity.
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e This project has been inherently collaborative; is not really research. It is possible that reports could benefit
others.
e Not a lot of coordination required from the output of this initiative. Sharing of lessons learned will be thd.

Question 6: Proposed Future Research

This project was rated 2.5 for proposed future research.

Still an opportunity to catalog and widely share lessons learned.

No future research proposed.

Project completed.

Some reinforcement of opportunities to increase benefits from existing facilities.
Not Applicable.

Analysis of any lessons learned and technology transfer.

Strengths and Weaknesses

Project Strengths

Great to move these shovel-ready projects ahead.

Objectives were met to increase hydropower and create new jobs.

Active management of projects was apparent.

Increase in hydropower efficiencies, capacity, and production. 135,000 MWh.
Fulfilled mission of economic stimulus and job creation. 337 FTE.

Allowed projects to move forward that were stalled by economic conditions in U.S.
Some environmental benefit from Skokomish project (Steelhead and Salmon).
Historic preservation of Boulder Canyon project (Colorado).

Project Weaknesses

Cataloging and sharing of lessons learned should have been part of project design.

Targeted but limited applications of subsidies.

Benefit limited to those that received the FOA award and companies that supported those projects
Analysis of the sustainability of jobs created and any lessons or technology transfer opportunities.

Specific recommendations for additions or deletions to the work scope

o Always look for opportunities to broaden benefits of all projects by sharing lessons learned.
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W H P 140056 Water Use Optimization Toolset - Project Overview

John Gasper, Argonne National Laboratory (Lead)
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The bullets below are a compilation of comments made by individual panel members during the evaluation
of this project.

Question 1: Relevance to water industry needs and overall DOE objectives

This project earned a score of 4.4 for its Relevance to water industry needs and overall DOE objectives.
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The scope of this effort is much more than individual operators could have undertaken.

Tools to improve the efficiency of operations of hydro facilities are highly relevant to DOE objectives.
Factors such as constraints on water management, value of power and need to integrate highly variable
renewables challenge operators. The need for accountability - to document and justify operational decisions -
will be increasingly important as more legal restrictions on operations are implemented. Also, PMAs and
utilities are under increasing pressure to demonstrate that they operate according to best practices. All of this
is possible with the use of software tools and unlikely without such tools.
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The toolset need to be robust to allow for integrating/modeling business process for different entities/assets,
as that process may change based on ownership/objectives/obligation, geographic location, hydrologic
behavior, etc.

A very high cost project (~$10M to date) MUST get used and needs to be able to deliver tangible high dollar
returns.

This project has the promise of delivering on of the most beneficial tools to hydropower operators that has
come along in a long time.

"The objective of WUQOT project is to develop, demonstrate and transfer to users, an advanced analytical
toolset that facilitates the production of more energy and grid services from available water while enhancing
environmental benefit from improved hydropower operations and planning."

Potentially very high value, but value is very dependent on adoption by operators --need to address change
management.

One should keep in mind that in a utility environment the ultimate users for the toolset are spread over
different functional areas, so more effort should be spent on developing the modules as standalone products
rather than an integrated ensemble.

Begin with the end in mind. Establish end user group and incorporate their feedback at the onset as part of the
toolset development. "Usable and useful" but will it be used?

The ability to optimize all project purposes and requirements is huge.

This is a very successful project with objectives met by highly qualified team participants as well as
demonstration partners.

Presenter mentioned, “Hasn’t seen a lot of usage because the demonstration sites have real jobs to do".
Sounds like a red flag... What is being done to minimize the data input requirements in the field? If the
requirement to "feed the beast" is greater than the perceived payback, it will not get used.

Regarding the statement under Comments at the bottom of slide 10 of file <06a. Wate_Argonne_Gasper.pdf>:
"Challenges - scope expansion, development and testing realities, Non-Disclosure Agreements, data
acquisition and quality": DOE has invested a lot of funds in the WUQOT Project, and these challenges should
in large part or entirely be paid for by the user's organization. These organizations are benefiting a lot from
the WUQT Project. Similar programs that are less advanced than the WUOT system are used by other water
resource system organizations, and they pay for these programs and related services. Programs like WUOT
used by other water resource management organizations continually face similar challenges as an ongoing
process. Perhaps reaching out to consultants and bringing them along might help increase the application of
WUQOT at other sites. Perhaps this is what is planned for the workshops in 2014.

Question 2: Methods and Approach to performing the research and development

This project was rated 3.8 on its methods/approach.
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Most of the tools developed under this project are redundant with other tools that have been developed in the
private sector or by other agencies. It does not appear that any of the components contribute unique or novel
approaches. The linking of the components may be novel, but also limited in usability in that many hydro
managers have similar components in place.

Seasonal outlook may have little applicability to dynamic operations (particularly east of the Mississippi) that
tend to have smaller reservoirs and respond to system changes minute by minute. Weather and precipitation
predictions are short term at best and effect hydro operations both from a fuel supply and also from the
customer load demand. Exact placement of thunderstorms and intensity of rainfall require dynamic decision
processes. Interconnected system operations may require quick start hydro operations to support unexpected
loss of a large fossil or nuclear generating unit.

Similar commercial software products exist for several facets of this project. Is this duplicative of other efforts
that already exist?
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Question 3: Technical accomplishments and progress toward project and DOE goals

This project was rated 3.7 based on technical accomplishments and progress.

o Need a strong focus on technology transfer/adoption.

o Software development is completed (alpha and beta); test sites have been identified and some demonstrations
completed. The results of these are not known to the reviewers. Currently software refinement and transfer
ongoing.

o USBR is beginning to use this tool and is pleased with progress.

Question 4: Project Management

This project was rated 3.6 on its project management.

e Sounds like the effort is being well managed.

The project has suffered delays - not completely unexpected in view of the extensive scope and the challenges
of software development.

¢ Remains to be seen how useful and used this high cost product will be.

e Project Management is very good. It could be enhanced greatly if users paid for the services they receive, or
in some other way contributed funds for covering the cost of developing and implementing WUQOT programs
for their water resource systems.

o Management has improved over past years in the establishment of demo sites and a Review Board.

Question 5: Research Integration, Collaboration, and Technology Transfer

This project was rated 4.3 for research integration, collaboration, and technology transfer.

e Collaborations among several federal labs and with several agencies.

e On a positive note, lots of labs working together - But still reserving judgment while waiting on this to deliver
huge value results in multiple real world applications.

Question 6: Proposed Future Research

This project was rated 4.0 for proposed future research.

o Likely to deliver results if widely adopted.

e The upcoming phases of the project will continue to be challenging and the effort to deploy the software may
be underestimated.

e This toolset will continue to require significant on-going annual DOE funding support to maintain the myriad
of software tools and provide user support if it remains with DOE, so an effort to outplace the toolset to a
commercial vendor for future development and maintenance must be considered soon.

e Requiring cost-share contributions from other organizations would help identify high priority needs for
further WUOT development.

Strengths and Weaknesses

Project Strengths
e High value.
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Addresses key needs of the hydro industry; collaboration of several labs; identification of several
demonstration sites.

In an era of increased competitive uses, this tool is long overdue. Very much needed focus on power,
environment and water.

This project has been strong and successful based on the summary information and presentations made by
John Gasper, Mark Wigmosta, Thomas Lowry, John Hayse, and Tom Veselka. They had 7 demonstration-
site partners including a wide range of governmental organizations, a private utility. Four National
Laboratories were involved. They applied the WUOT to a wide range of water resource issues. They laid the
groundwork for addressing additional issues and challenges as they develop.

e Integration with other WUQOT tools.

¢ Enhancing environmental benefits in conjunction with other project needs.

o Designing it to be user friendly and installed on a PC is of great benefit to hydro operators, especially at
remote locations.

o Significant practical/real world application with good work towards getting it implemented in those
applications.

e The DOE labs working together to achieve a common goal.

Project Weaknesses

Value is based on adoption.

The effort and cost to create software tools to meet the needs identified by this project are likely greater than
funding. (Software development is often underestimated). Some of the components are redundant with
existing tools developed by other agencies. The software should be deployed in one or more operational
settings and used with current functionality before much funding is invested in enhancements to extend the
functionality. There is no plan for maintenance of the software nor continued user support and training. Not
enough information was provided to evaluate the methodologies or the results of the demonstrations.

Could be overwhelming to "feed the beast" with the constantly changing data that is needed to continuously
optimize performance. If not easily applicable, will go on the shelf unused for many end users.

Not moving progressing fast enough.

See earlier comments.

Specific recommendations for additions or deletions to the work scope
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Be sure to utilize and benchmark against best practices (other models in use).

All lab developed software products should have clear implementation, rollout, and ongoing maintenance
plans (and ongoing funding, if necessary) for these products.

This project needs to be accelerated as much as practical. The need exists and there is significant interest
from all hydropower stakeholders.

Need to address change management to encourage adoption.

With so much data intertwining in these toolsets, data validation and data QA/QC processes must be in place.
Time to move from development to deployment.

The model over-simplifies the environmental performance; may be impossible to model the actual
complexity.

Need to be able to weigh different environmental attributes.
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The bullets below are a compilation of comments made by individual panel members during the evaluation
of this project.

Question 1: Relevance to water industry needs and overall DOE objectives

This project earned a score of 3.8 for its Relevance to water industry needs and overall DOE objectives.

e Although good forecasts are needed by hydro schedulers, there are already excellent scientific federal
agencies dedicated to producing them. This does not seem like a good use of DOE research funds.

o Waiting on results from demonstration projects. What feedback have you received? Will the input be
automated or require much care and feeding? Better applicability for long term snowpack and baseload
generation situations.

e Improvement to inflow forecasting is much needed.
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Question 2: Methods and Approach to performing the research and development

This project was rated 3.7 on its methods/approach.

e May be over-relying on prior work done by lab rather than best practices of benchmarked entities

o Details about the method/approach are not provided. A physics-based, distributed hydrologic model is
expensive and difficult to develop and calibrate. It is not a realistic method for many agencies and utilities.
The results do not show a comparison with existing forecast methods. What effort was needed to create the
models for the demonstrations? How much of the budget was dedicated to general methodology and how
much to development of the demonstration models? How well does the technology transfer to another basin?

e Very complex with multiple interfaces required.

Question 3: Technical accomplishments and progress toward project and DOE goals

This project was rated 3.8 based on technical accomplishments and progress.

e Results look solid.

e The project fell behind schedule and should be carefully monitored.

e Seasonal outlook may have little applicability to dynamic operations (particularly east of the Mississippi) that
tend to have smaller reservoirs and can change minute by minute. Weather and precipitation predictions are
short term at best and effect hydro operations both from a fuel supply and also from the customer load
demand. Exact placement of thunderstorms and intensity of rainfall require dynamic decision processes.
Interconnected system operations may require quick start hydro operations to support unexpected loss of a
large fossil or nuclear generating unit.

e Two days for training to use the toolset speaks to the complexity of the model and project.

Question 4: Project Management

This project was rated 3.6 on its project management.

e PM appears appropriate.
e There is not sufficient information to assess the management.

Question 5: Research Integration, Collaboration, and Technology Transfer

This project was rated 3.9 for research integration, collaboration, and technology transfer.

e The value will be in wide adoption/technology transfer.

e Includes collaboration among labs and with Universities as well as other federal agencies. Demonstration
projects involve collaboration with state agencies.

e Multiple handoffs needed.

Question 6: Proposed Future Research

This project was rated 3.7 for proposed future research.
e An assessment should be made about the realistic applicability of this work to other basins considering

technical expertise, resources and detailed data requirements. Also to be considered are the existing forecast
tools.
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e Ability to input other forecast systems.

Strengths and Weaknesses

Project Strengths

e An essential part of WUOT.

¢ Provides funding for extension of the University of Washington forecast methodology.

¢ Builds on existing forecasting capabilities.

e Applications at 5 watersheds with a wide range of climate and waterbasin characteristics provides sound

demonstrations for evaluating the EHFS, especially with the retrospective evaluations.
e Very much needed in the midst of much hydrological uncertainty.

Project Weaknesses

o Not sure it adequately utilizes existing best practices.
o Not likely to be of great use to the hydropower industry; need has not been demonstrated; quality of results
compared to existing forecast techniques not provided; quite costly and behind schedule.

Specific recommendations for additions or deletions to the work scope

e Make sure to benchmark against best practices.
e Assess the value of this project and carefully consider future funding.
e Accelerate the Water Optimization Tool Set project.
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W H P 140058 Water Use Optimization Toolset - HydroSCOPE

Thomas S Lowry, Sandia National Laboratories
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The bullets below are a compilation of comments made by individual panel members during the evaluation
of this project.

Question 1: Relevance to water industry needs and overall DOE objectives

This project earned a score of 3.9 for its Relevance to water industry needs and overall DOE objectives.

e Will be of high value if it can be done. I'm skeptical about the amount of data needed and the accuracy of
results.

e Although it would be useful for hydro operators to have optimal seasonal forecasting of operations, the utility
is quite limited without uncertainties (which it appears have been considered but not implemented in the
software). It is not clear how the tradeoffs provided by the Pareto optimal (deterministic) solution could be
used for forecasting operations.

e Robustness of the developed WUOT is a key concern. Ease of adaptation of the developed tool by generic
user for a specific site should be the objective and not by the developers of the tool, as this implies difficulty
in application by universal users/sites.
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Making the tool easy to use is an effort but is what is needed to integrate it into actual hydropower operations
This project is part of the Toolset for WUOT, and considerable development is planned by the end of FY
2014; and, I raise concerns regarding the use of a 1-D model for the reservoir.

Although all developed modules are important and needed, the integration of all the modules in one suite may
complicate application in highly constrained sites.

Please see comments under Q1 for WHP140056.

The utility value of the final product and the targeted audience/users should drive the development of the
scope for any project.

Duplicate efforts should be minimized and better integrated across different DOE programs and ORNL,
PNNL, etc.

Question 2: Methods and Approach to performing the research and development

This project was rated 3.6 on its methods/approach.

Approach is likely appropriate, goal is very complicated.

The method is potentially efficient; if uncertainties can be captured, it would be more useful. Other relevant
guestions about the method would address how easy/difficult it is to model the system and formulate and
express the constraints and objectives.

Difficult to determine real world effectiveness of this model from a 15 minute presentation.

One-D models for reservoir simulations can result in systematic error for temperature and not include the
effects of wind on forebay mixing that allows more hypolimnetic water to exit the reservoir--this concern
mainly applies to elongated reservoirs. DO and GHGs in turbine discharges likely would be in error. A 2-D
model could provide inputs to HydroSCOPE at short time intervals (e.g., 15-min. to 3-hr depending on model
run time). | think these time-lagged inputs would not be significant since water quality in reservoirs changes
slowly, especially those that tend to be 2-D in nature.

Most reservoirs experience changes in water quality that can be represented only by an ecosystem model that
includes the effects of many factors that are not linear and that occur erratically, the effects of which are
reflected in cumulative changes that define water quality in the water body. | would be surprised that a code
that uses an object-oriented design could simulate water quality in outlets from a reservoir except for short
periods like 1-2 or 3-4 days.

Question 3: Technical accomplishments and progress toward project and DOE goals

This project was rated 3.3 based on technical accomplishments and progress.
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Impressive to see some accomplishments.

The method was implemented on two demonstration projects. The results are not well understood: was the
optimal solution computed with knowledge of the hydrology? If so, the comparison is with the actual
operations for which there is forecast uncertainty. Not enough information was provided to evaluate the
progress from this perspective.

See slides 10, 11, and 14 of the presentation.

benefits measured on demonstrations are so low, | wonder if they are in the range of accuracy of method

The project is behind schedule and there is not an end date listed (listed as TBD). The project timeline
presented does not correlate with the dates provided in the presentation. It is uncertain where the project
stands and when it will be completed.
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Question 4: Project Management
This project was rated 3.3 on its project management.

e PM seems adequate.
e The lack of definition of timeline and overruns are not a sign of good management. Ambitious additional
features are anticipated without proper vetting of existing software.

Question 5: Research Integration, Collaboration, and Technology Transfer

This project was rated 3.9 for research integration, collaboration, and technology transfer.

e Integration with WUOT is good.

e The project is executed in cooperation with other labs and demonstration projects involve Reclamation and
California DWR.

Question 6: Proposed Future Research

This project was rated 3.5 for proposed future research.

e To minimize risk, future enhancements to the project could be contingent on further testing and successful
deployment of the software in an actual hydro operations setting. Otherwise, investments in costly
enhancements could end up as academic exercises.

o Before extending this tool into further additional complicating areas, it would be beneficial to survey the end
users to determine the extent of current utilization and the benefits/necessity of extending the model beyond
the existing base cases.

Strengths and Weaknesses

Project Strengths

o Develops software that provides potentially useful information to hydro operators about seasonal operations
and tradeoffs of objectives.

Ease of use.

Develops a novel solution method that solves quickly.

Easily updated to add new inputs, models, etc.

Optimization across multiple scales of time and space.

Positive revenue and environmental improvements.

Project Weaknesses

e Does not include uncertainty, which would be needed for the solution to be useful. Not enough information
has been provided to assess the results of the demonstration — it looks like it may be comparing historical
operations (with forecast uncertainty) with optimized operations with a known forecast.

o Delay.

e Project is behind schedule and future enhancements may be too ambitious to undertake before it can be
established that the software may be useful in practice.
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Specific recommendations for additions or deletions to the work scope

¢ Find an agency or utility willing to use the software in an operational setting for long enough to evaluate the
usability. Postpone funding enhancements until basic functionality is established as useful.
e Additional work needed on environmental modeling. DO, sediment, nitrogen saturation.
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W H P 140059 Water Use Optimization Toolset - Index of River Functionality

John W. Hayse, Argonne National Laboratory (Lead)
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The bullets below are a compilation of comments made by individual panel members during the evaluation
of this project.

Question 1: Relevance to water industry needs and overall DOE objectives

This project earned a score of 4.1 for its Relevance to water industry needs and overall DOE objectives.

e Potentially high value, especially if environmental performance can be improved with minimal impact on
generation.

e Addresses the objective of reducing environmental impacts of hydropower.
It is not clear how the model and a single overall environmental score will be used to reshape and optimize
operation, especially when "compliance triggers" in many cases are instantaneous and at a predefined
location/station.

e First tool that | know of that considers operational effects on environmental performance

e Please see comments under Q1 for WHP140056.

e Optimizing hydropower across multiple project needs.
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Question 2: Methods and Approach to performing the research and development

This project was rated 3.7 on its methods/approach.

e Having users set environmental objectives is a strong approach.

e Approach seems feasible, but does not consider a wide range of types of environmental operating regulations
and constraints.

e Concerns remain about model's extreme complexity. Actual sustained utilization by end users will determine
if this project is a sound investment.

Question 3: Technical accomplishments and progress toward project and DOE goals

This project was rated 3.5 based on technical accomplishments and progress.
e Success likely for the algorithms developed, but these will not likely respond to many real life requirements.

Question 4: Project Management

This project was rated 3.6 on its project management.
e N/A

Question 5: Research Integration, Collaboration, and Technology Transfer

This project was rated 3.7 for research integration, collaboration, and technology transfer.

o Need to loop in environmental community to validate concepts.
o | believe they are working well at keeping industry informed of their tool.

Question 6: Proposed Future Research

This project was rated 3.6 for proposed future research.

e Incorporation of end user feedback is a plus but actual implementation and use by end users remains to be
seen.

Strengths and Weaknesses

Project Strengths

e Important to consider environmental goals.

e Environmental objectives are defined by the user.

e Provides a tool that allows optimization between hydropower generation value and environmental
performance. Allows use of biological metrics that can be chosen to reflect the effects of a range of DO
levels.

e Slight improvement realized in environmental performance based on flow magnitude and timing.

Project Weaknesses
o Need to address many more aspects than flow -- likely to get very complicated.

241




U.S. DEPARTMENT OF Energy Efﬁciency &

ENERGY  renewable Energy Hydropower Panel Results and Project Evaluations

e There are many biological opinions and records of decision as well as other environmental limitations that
should also be addressed by this tool. Its performance indicator is interesting, but may not be acceptable to all
concerned.

¢ Nitrogen saturation would be hard.

Specific recommendations for additions or deletions to the work scope

Could be useful for scenario analyses. Keep it simple for others to use.

Need to add environmental modules, nitrogen saturation, D.O. sediment.

Provide capability to weight different environmental factors differently.

What goes into the environmental performance score (magnitude and timing of flow, frequency over
environmental time, reach specific or species specific) (temperature).
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W H P 140060 Water Use Optimization Toolset - Conventional Hydroelectric and Environmental
Resource Systems

Tom Veselka, Argonne National Laboratory (Lead)
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The bullets below are a compilation of comments made by individual panel members during the evaluation
of this project.

Question 1: Relevance to water industry needs and overall DOE objectives

This project earned a score of 4.6 for its Relevance to water industry needs and overall DOE objectives.

High value if adopted.

e Optimal day ahead scheduling addresses DOE's objective of optimizing existing hydro resources.
It is not clear how the model generates its DA and RT price forecast, especially in complex nodal markets
such as CAISO, which should be one of the drivers in optimizing the objective function.

e Shows some optimization promise as a river management software package but remains to be seen how often
used.

o Real world benefits to optimizing hydropower.
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e CHEERS provides guidance for water use, power generation, customer requirements, buying/selling energy
and ancillary services on the market, and managing energy exchanges, including consideration for
environmental requirements and other water users.

o CHEERS has demonstrated success stories that are convincing.

e Please see comments under Q1 for WHP140056.

Question 2: Methods and Approach to performing the research and development

This project was rated 4.3 on its methods/approach.

o Uses appropriate solution techniques.

e Appears to be capable of optimizing generation choices among multiple stations or optimizing the provision
of ancillary services from any number of sources. This could benefit hydro owners that have multiple stations
with flexible output options.

Question 3: Technical accomplishments and progress toward project and DOE goals

This project was rated 3.8 based on technical accomplishments and progress.

o Demonstration at Aspinall appears to have impressive results (difficult to assess without more information).
Looks to be the most widely applicable of the tools in the WUOT. Results study shows positive benefits
clearly indicated in at least one case. Additional use case demonstrations would be beneficial.

e Project is far behind original schedule.

Question 4: Project Management

This project was rated 3.5 on its project management.

o PM appears to be adequate.

e Project seems well developed technically, but behind original schedule.
o Need a longer term plan.

Question 5: Research Integration, Collaboration, and Technology Transfer

This project was rated 4.3 for research integration, collaboration, and technology transfer.

e Good to connect w/ WAPA.
e Project involves other labs and participating agencies.
¢ Roll out and integration has been very good and collaborative.

Question 6: Proposed Future Research

This project was rated 3.9 for proposed future research.

¢ Plan to do additional site.
Proposed future research aligns with industry needs, but should be based on successful use of the software as
is.

o Looks to have potential capability for more widespread use.
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Strengths and Weaknesses

Project Strengths

e High value if it works.

e Addresses important industry need, uses proven mathematical formulation.

e Optimization of existing fleet..

o Real world benefits have been realized.

e Ability for plant and system operators and dispatchers to input their knowledge and goals.
e Less ramping and starts and stops of generators.

e Improved efficiency and higher revenues.

Project Weaknesses

e Software may not be "user ready" and may be difficult to use in practice.

Specific recommendations for additions or deletions to the work scope

o Deploy the software in an operational setting before further major investments in enhancements.

e The Water Use Optimization Toolset is a multifaceted project but it is one project with all of those facets
needed to maximize its usefulness to industry. No need to break each part out in individual review panel
assessment sheets.

e Benchmark hydro operators for best practices.

245




U.S. DEPARTMENT OF Energy Efﬂciency &

ENERGY  renewable Energy Hydropower Panel Results and Project Evaluations

W H P 14006 1 Hydropower Advancement Studies (HAP)

Brennan Smith, Oak Ridge National Laboratory
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The bullets below are a compilation of comments made by individual panel members during the evaluation
of this project.

Question 1: Relevance to water industry needs and overall DOE objectives

This project earned a score of 4.2 for its Relevance to water industry needs and overall DOE objectives.

e The objective is to stimulate and accelerate increases in hydropower asset performance and value. It has
potentially great value to the program goals and aligns with optimizing existing hydropower technology,
flexibility, and/or operations.

e Many existing power plants are reaching the end of their life cycle. There is a need for critical benchmarking
tools, assessment methodology, best practices, and lessons learned that are needed to better inform and speed
up the decisions to undertake these projects.

e Tangible in the field support to industry is excellent.

e Helps with asset management of existing fleet.
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This project was a great success. In addition to learning best practices for 20 power plant component systems
and that there is potential for increases of 7% on average of annual generation from existing hydro, much
progress was made towards providing a pathway for maximizing energy production by the existing fleet--see
slide 18 of presentation. The budget was eliminated for continuing the HAP project, but | recommend DOE
consider finding a role to play in this kind of effort by adding leadership and funding.

Adding 40 or 50 yrs. to the historical hydrology and operational record, and past & future system changes and
obligations will most likely reveal different yield/capacity of a specific site. It would be very helpful if the
optimization and computation engines were designed to allow/help assess the optimal capacity of a specific
Hydro site.

Improving efficiency.

Losses in existing power plants due to leaks resulting from wear and tear of equipment could not be
overstated. There is a great deal of loss of revenues and in some cases further damage to equipment because
of the lack of attention to the difference between IPL and CPL.

Would it be possible to sync the continuation of this program with future funding such as ARRA to provide
potential incentive to owners to participate as many of them are aware of the condition of their assets but may
not appreciate the opportunity cost associated with improved efficiency, added range of operations, etc.?

Question 2: Methods and Approach to performing the research and development

This project was rated 3.8 on its methods/approach.

The approach had serious flaws as described in project summary.

Excellent work to develop Best Practices and Condition assessment methodology that has usefulness and
applicability to hydro operators of any size.

Mostly well thought out. Very resource intensive.

A strong team was assembled to design the testing and analyses to be conducted on selected, representative
hydro projects. As work progressed, challenges arose as revealed by actual results from the field and analyses,
but the project team developed logical solutions and made significant progress.

Question 3: Technical accomplishments and progress toward project and DOE goals

This project was rated 4.0 based on technical accomplishments and progress.

Strong results.

Accomplishments were short of goals.

Additional rollout and sharing with industry could be beneficial.
Good.

The presentation presents this information.

Question 4: Project Management

This project was rated 4.0 on its project management.
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Question 5: Research Integration, Collaboration, and Technology Transfer

This project was rated 4.2 for research integration, collaboration, and technology transfer.

Good idea to transfer best practices to NHA HPC.
Project involved several consultants and utilities.

Good coordination with contractors and industry support.
Best practices catalog is beneficial.

Owners/operators have found it beneficial.

Question 6: Proposed Future Research

This project was rated 3.4 for proposed future research.

¢ None planned, but good to see results fed into other projects.

e This program should continue with a refined focus that could be developed leveraging the response from
industry to what was produced in the past, and though surveys and discussions with owners/operators.

e Project completed.

Strengths and Weaknesses

Project Strengths

e Important to document this information.

e Boots on the ground, in the field approach, provided insight into why improvement opportunities have not
always automatically been pursued.

e Helps optimize existing hydropower fleet, very good potential generation increases identified average 7.1%.

e This project was a great success. In addition to learning best practices for 20 power plant component systems

and that there is potential for increases of 7% on average of annual generation from existing hydro, much

progress was made towards providing a pathway for maximizing energy production by the existing fleet--see

slide 18 of presentation. The budget was eliminated for continuing the HAP project, but | recommend DOE

consider finding a role to play in this kind of effort by adding leadership and funding.

Hydropower Best Practices Catalog and Condition Rating Workbooks are very good reference materials.

May help prioritize research.

Helps capture best practices.

Helps assess constraints to power generation that have occurred since project inception.

Gets project owners/operators thinking more about plant performance and how to improve that.

Project Weaknesses

e Assessments are resource intensive/expensive.
e Resource intensive from a data gathering and condition assessment standpoint.

Specific recommendations for additions or deletions to the work scope

e Make condition assessment more focused to be more cost-effective.

e Isthere a way to minimize initial resource impact in gathering data, assessing condition, etc.?

e This project was a great success. In addition to learning best practices for 20 power plant component systems
and that there is potential for increases of 7% on average of annual generation from existing hydro, much
progress was made towards providing a pathway for maximizing energy production by the existing fleet--see
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slide 18 of presentation. The budget was eliminated for continuing the HAP project, but | recommend DOE
consider finding a role to play in this kind of effort by adding leadership and funding.

Tap into performance data being developed by others (EUCG).

Perform additional assessments.

Proceed with handing best practices to NHA's Hydraulic Power Committee.

Need to share with federal power customers.

Move into next phase based on results from first phase.

249




U.S. DEPARTMENT OF Energy Efﬂciency &

ENERGY  renewable Energy Hydropower Panel Results and Project Evaluations

W H P 1400 6 2 45-Mile Hydroelectric Power Demonstration

Jim Gordon, Earth by Design

WHP140062
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The bullets below are a compilation of comments made by individual panel members during the evaluation
of this project.

Question 1: Relevance to water industry needs and overall DOE objectives

This project earned a score of 3.4 for its Relevance to water industry needs and overall DOE objectives.

e Don't see anything unique or innovative about the technology or solutions. Seems like challenges are the
normal challenges all hydropower project developers have to go through.

¢ Aligns with goal to advance new hydropower systems and/or components for demonstration or deployment.
Presentation was vague at best, and failed to convey the added value from this project.

o A solid demonstration project, but this design does not appear to be radically different from those of
traditional hydro manufacturers. What makes it lower cost to fabricate the turbine/ generator and install? How
was estimated LCOE established? What is expected MWH per year and total cost? Efficiency?

e Goal to demonstrate new low head hydropower technology in the U.S.
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There was not any information on the turbine that is being proposed and what are the unique features of the
technology, over what is readily available.

Lower cost small hydropower development.

There was no information on the LCOE or details on the economics value of the project.

The scope was overstated, specially mentioning "testing" of different technologies when in fact it was merely
cursory review of one technology.

Question 2: Methods and Approach to performing the research and development

This project was rated 3.2 on its methods/approach.

Don't see anything unique or innovative about the technology or solutions. Seems like challenges are the
normal challenges all hydropower project developers have to go through.

Goal to introduce low head hydro with low LCOE to canal and go through permitting in order to serve as a
model for other applications seems feasible.

Applicability may be somewhat limited but is encouraging for new low head development in a similar
situation.

Implementation of new innovative low head hydropower technology.

Question 3: Technical accomplishments and progress toward project and DOE goals

This project was rated 3.0 based on technical accomplishments and progress.

Delays due to site relocation, technology reassessment and permitting delays.
Turbine design is completed. Testing remains to determine actual efficiency and output.
On schedule.

Question 4: Project Management

This project was rated 2.9 on its project management.

Initial scoping apparently inadequate. Change to new demonstration site may be a good project management
decision

Question 5: Research Integration, Collaboration, and Technology Transfer

This project was rated 3.0 for research integration, collaboration, and technology transfer.

Might happen in the future, but hasn't happened yet.

Limited collaboration.

Team of Nat Lab, DOE, and consultants working together to achieve project results.

High potential to provide lessons learned and prove new technology for low head hydropower development.

Question 6: Proposed Future Research

This project was rated 2.8 for proposed future research.
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e Adds to knowledge base for new low head canal and conduit hydropower.
e Determination of sustained performance over time.

Strengths and Weaknesses

Project Strengths

e Good as a demonstration project.
e Demonstrating new low head, low cost hydropower.
o Well vetted up front to stay on schedule.

Project Weaknesses
e Doesn't seem like either the technology or solutions are highly unique or innovative.

Specific recommendations for additions or deletions to the work scope

e See this through as a demo project. Really press for lessons learned rather than innovation, which it doesn't
seem to be.
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W H P 1 400 63 International Collaboration

Brennan Smith, Oak Ridge National Laboratory
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The bullets below are a compilation of comments made by individual panel members during the evaluation
of this project.

Question 1: Relevance to water industry needs and overall DOE objectives

This project earned a score of 4.0 for its Relevance to water industry needs and overall DOE objectives.

e DOE should be involved with, and leverage with, these other entities.

e Perhaps not critical, but highly valuable to DOE research goals to collaborate with international organizations.

¢ International collaboration is key to US success in implementing its vision and achieving its goal of greater
dependence on renewable/clean energy. It is important to support efforts meant to help forge international
partnerships and forums to deal with global challenges, such as GHG, climate change, etc.

o Relatively low cost approach to minimizing duplication of efforts and consumption of limited manpower and
financial resources in the hydro industry.

e Opportunity to discuss new research and practices outside of U.S.
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e As the levels of penetration of renewables reach projected targets, challenges in renewable integration will
manifest themselves and will need more robust market designs, network upgrades, etc. Europe's experience is
vital to US markets and will provide great insight into what they adapted in terms of market design, best
practices, and lessons learned.

e Sharing of best practices.

How to value non-power benefits or services.

e GHG Emissions.

Question 2: Methods and Approach to performing the research and development

This project was rated 4.5 on its methods/approach.

o Areas of focus seem appropriate.
Selection and level of interaction appears to be relevant and effective.

e Engaging other organizations having potentially overlapping areas of interest or even overlapping studies may
help to prevent "re-inventing the wheel".

e Collaboration with existing entities; i.e., CEATI, EUCG, IEA creates some economies and prevents
duplication of efforts.

Question 3: Technical accomplishments and progress toward project and DOE goals

This project was rated 3.7 based on technical accomplishments and progress.

e Good progress with IEA Annexes synthesized and plan for additional collaborations.
e Work just beginning but potential benefits are large compared to cost of project.

Question 4: Project Management

This project was rated 3.7 on its project management.

o PM appears to be effective.
e Just beginning.

Question 5: Research Integration, Collaboration, and Technology Transfer

This project was rated 4.3 for research integration, collaboration, and technology transfer.

¢ Information dissemination plan sounds appropriate.

o Collaboration is the entire objective of this project. Additional involvement of several labs is an added benefit
o Excellent leveraging of available resources.

Question 6: Proposed Future Research

This project was rated 3.9 for proposed future research.

Strengths and Weaknesses

Project Strengths
e Great leveraging opportunities!
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e Low cost, low risk leveraging.
e International collaboration.
e Assessment of non-power benefits.
e GHG research.

Project Weaknesses
e None.

Specific recommendations for additions or deletions to the work scope

o Be careful not to be drawn into international protocols that may not apply to US.
e Continue to support this effort in the future. It is minimal funding and high value to DOE research program.
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WH P 140064 Hydropower International Collaboration - IAHTP Annex Xlll on Fish Passage Issues

Simon Geerlofs, Pacific Northwest National Laboratory
WHP140064
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The bullets below are a compilation of comments made by individual panel members during the evaluation
of this project.

Question 1: Relevance to water industry needs and overall DOE objectives

This project earned a score of 4.3 for its Relevance to water industry needs and overall DOE objectives.

Good opportunity to leverage both ways.

o Not critical, but highly valuable impact to DOE goals and objectives, especially to leverage external efforts in
reducing deployment barriers and environmental impacts of hydropower.
Low cost international collaboration effort.

e Leverage learning on significant environmental issue, fish passage.
The more we learn from others, we benefit. The more others use what we come up with, we learn from their
applications of our solutions and ideas. Together, we solve problems better and quicker. The benefits of this
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activity far outweigh the costs, especially considering the scope of all the DOE projects involved in
international collaboration.
e Reduces deployment barriers and increases environmental attributes.

Question 2: Methods and Approach to performing the research and development

This project was rated 3.8 on its methods/approach.

e Seems appropriate.

o Simple and appropriate approach - participates in the IEA-IAHTP Annex XIlII activities and reports to ORNL.
e International sharing should help reduce combined costs and develop scientific consistency.

Question 3: Technical accomplishments and progress toward project and DOE goals

This project was rated 3.6 based on technical accomplishments and progress.

e Remains to be seen.

e Just getting off the ground at end of 2013.

e Clear communication of info brought back from international conferences is an expectation for all attendees.
Project benefits need to be carefully reviewed and continuously justified since international travel may be
viewed as an unnecessary luxury if results are not clearly demonstrated.

Question 4: Project Management

This project was rated 3.6 on its project management.
e Seems adequate.

e Too early to evaluate but looks promising.

e On schedule.

Question 5: Research Integration, Collaboration, and Technology Transfer

This project was rated 4.1 for research integration, collaboration, and technology transfer.
e This project is all about collaboration.

e Good plan for information sharing at relatively low cost.

e Broad application world-wide.

Question 6: Proposed Future Research

This project was rated 3.9 for proposed future research.

e Effort to continue in 2014.
o Still developing plan.
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Strengths and Weaknesses

Project Strengths

o Great opportunity to leverage both ways.

e International participation benefits DOE.

e Removing deployment barriers and decreasing environmental impacts.

e The more we learn from others, we benefit. The more others use what we come up with, we learn from their
applications of our solutions and ideas. Together, we solve problems better and quicker. The benefits of this
activity far outweigh the costs, especially considering the scope of all the DOE projects involved in
international collaboration.

Project Weaknesses

e None.

e None.

e Not well planned yet.

Specific recommendations for additions or deletions to the work scope

Need to figure out ways to disseminate information to, and engage, non-federal entities.
Continue to fund PNNL to participate in IEA-IAHTP Annex XIII activities.

Reduce cost to the taxpayer by minimizing international travel.

Continue with this project.

Take advantage of existing international meetings like Hydrovision International.
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W H P 140065 6.2.1 Collaboration with the International Energy Agency (IEA) on Annex IX:
Hydropower Services

Vladimir Koritarov, Argonne National Laboratory
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The bullets below are a compilation of comments made by individual panel members during the evaluation
of this project.

Question 1: Relevance to water industry needs and overall DOE objectives

This project earned a score of 4.1 for its Relevance to water industry needs and overall DOE objectives.

e Very important not only for better understanding of industry but also for advising policy makers.

e Although not critical, it is of great value to DOE and aligns with objectives of optimizing existing
hydropower technology, flexibility, and/or operations.

e Collaboration in International forums should be leveraged to develop insight into lessons learned, best
practices, demonstration of new technology, market design, renewable integration, etc.

o Relatively low cost collaboration to learn from experiences of other countries in valuing pumped storage,
ancillary services, social values.

e Analysis of how hydropower services are valued in different countries.

e This project is laying a great foundation from which to operate in coming years.
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o Great opportunity to leverage both ways.
e Leverages work that DOE has funded already.

Question 2: Methods and Approach to performing the research and development

This project was rated 3.8 on its methods/approach.

e US involvement with international experts is a win-win.

e Clear communication of info brought back from international conferences is an expectation for all attendees.
Project benefits need to be carefully reviewed and continuously justified since international travel may be
viewed as an unnecessary luxury if results are not clearly demonstrated.

e Dynamic simulation models of PSH plants.

Question 3: Technical accomplishments and progress toward project and DOE goals

This project was rated 4.1 based on technical accomplishments and progress.

e The study produced a range of useful analysis results with very small DOE investment.

e Reviewing case studies of ancillary service valuations in other countries. This is important to understand the
differences and educate policy makers on these issues.

e Prototype model is developed for PSH technology.

e Improved PSH models in PLEXOS, CHEERS, etc.

Question 4: Project Management

This project was rated 4.0 on its project management.
o Early in the project but looks to be a promising approach.

Question 5: Research Integration, Collaboration, and Technology Transfer

This project was rated 4.0 for research integration, collaboration, and technology transfer.

¢ High potential.

e The project focuses on international collaboration and includes other labs and private sector experts.
¢ International markets may provide real world examples of appropriate values for ancillary services.

Question 6: Proposed Future Research

This project was rated 3.9 for proposed future research.

e There appears to be enough funding to support the upcoming effort to collaborate with other countries on the
synthesis report.

Strengths and Weaknesses

Project Strengths

e Good opportunity to leverage both ways.
e Analyses have been done by other programs, funding for international meetings, synthesis report, etc.
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e Good opportunity to advance US understanding.

Project Weaknesses
o Don't forget regulatory component of issue.

Specific recommendations for additions or deletions to the work scope

e Continue this collaboration.
Consider engagement in Task 2 - Water Management services and socio-economic contributions. Educating
the public and policy makers in this area is critically important to the future success and sustainability of
hydro.

e Need to focus on policy over technology. The technology won't matter if it's not deployed.

e Loop-in ISO's/RTOs and regional orgs such as WAPA - focus on CA and the west is a good idea due to
action there.

e Be sure to recognize regional differences in US.

e Be sure to loop in policy makers such as NARUC.
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W H P 140066 Quantification of Reliability and Cost Impacts for Hydropower Assets — NEW

Brennan Smith, Oak Ridge National Laboratory
WHP140066
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The bullets below are a compilation of comments made by individual panel members during the evaluation
of this project.

Question 1: Relevance to water industry needs and overall DOE objectives

This project earned a score of 4.7 for its Relevance to water industry needs and overall DOE objectives.

e A very important study and relatively inexpensive!

e With increasing dependence on hydro as the balancing resource for variable renewables, the answer to this
research question is critical for understanding how to optimize existing hydropower technology, flexibility,
and/or operations.

e Although the project is very much needed to better inform market design and owner’s reluctance to
participate in providing integration services, the needed data is confidential across utilities, and may not be
collected in sync with the project's objectives.
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Cost based evaluation of providing these flexible operation services does not necessarily coincide with the
value of these services. It would also be beneficial to determine what is the "next best alternative” to get these
services, if not provided by hydro, and how much does that cost?

New project.

This project addresses a humber of concerns regarding reliability and cost impacts for hydropower projects:
effects of recent changes to operations at hydropower projects to address environmental issues: aeration,
minimum flow requirements, changes in average operating tailwater elevations, effects of dissolved gases in
intake water (including corrosive hydrogen sulfide). It also addresses the issues of maintenance and repairs
considering fewer staff and higher turnover of personnel.

Timely as Asset Management gets more widely utilized.

How to move to a flexible dispatch model.

The results of this project could lead to manuals and standards of practice across the industry.

Quantification of hydropower flexibility risks and costs.

Reliability of hydro is increasing considering the mix of energy sources and the need for hydro to serve as a
backup source in the mix.

How to integrate variable generation resources and quantification of impacts.

Optimizing systems and reducing deployment barriers.

Question 2: Methods and Approach to performing the research and development

This project was rated 4.0 on its methods/approach.

Probably makes sense to start w/ Federal Hydro in NW as pilot, but don't wait too long to disseminate and
expand.

The technical approach is detailed and well thought-out and seems to address relevant questions. It goes
beyond analysis to development of a structure for future ongoing analysis.

A very difficult issue to address. Backward looking analysis cannot be expected to accurately determine key
reliability contributors or their associated costs with much certainty. The four keys to equipment reliability -
The right design, the right installation, the right operation, and the right maintenance - any less than optimum
performance in any of these key areas can lead to future reliability and cost impacts. Usually the life of
equipment has been reduced by numerous combinations of unknown impacts in these four areas.

In scoping process. Focus on Pacific Northwest system.

The project plan provides for a comprehensive but step-by-step review that will lead to a foundation for
addressing identified issues.

The project plan leads to a thorough review of the issues that will have high value even if the issues are found
to be unworthy of further evaluation.

The proposed personnel and organizations to be involved in the project are highly qualified for conducting
this project, probably the best regarding the environmental issues.

Strengths and Weaknesses

Project Strengths
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Important topic that needs quantification.

Detailed plan, federal partners and plan for non-fed participation, relatively low funding to address key
flexibility questions.

Needed in the industry.

A strong robust plan. Project will provide very useful information, regardless of what they find. A strong
project team with federal and non-federal partners.
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e What metrics do you use for change? What has changed operations, what is your flexibility.

Project Weaknesses
e Watch out for getting buried in data.

Specific recommendations for additions or deletions to the work scope

o Likely makes sense to start with Federal Hydro in NW, but don't wait too long to disseminate and expand
This is an elusive issue and has been around for many, many years. Engage industry and end users in the early
stages of this effort.

o Pick key expected impacts and focus on them. Don't get buried in detail and data.

e Besuretoloop inand leverage CEATI and EUCG.
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W H P 1 40067 Hydropower Flow Measurement NEW

Brennan Smith, Oak Ridge National Laboratory
WHP140067
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The bullets below are a compilation of comments made by individual panel members during the evaluation
of this project.

Question 1: Relevance to water industry needs and overall DOE objectives

This project earned a score of 4.2 for its Relevance to water industry needs and overall DOE objectives.

e Solution would be of high value but I'm skeptical it can be found. Too many installation-specific variables.

e This project could potentially contribute to the objective of optimizing existing and new hydropower
resources, subject to results of return on investment analysis.

e Assessing unit performance, maintenance need, refurbishments, and modernization all need accurate flow
measurement, new technologies, and computer processing power. This project may very well lead to more
robust tools to achieve that.

¢ Short converging intakes have long been a measurement and economic challenge.

e ORNL and PNNL identify an issue that needs research: unsteady state water currents at turbine intakes can
cause power losses, and these might be reduced if these water currents were better understood. Considering
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that many hydros might be affected by these unsteady state water currents and that very little is known about
why these occur, this new project is worthy of the proposed level of effort.

e The application of the proposed HFM is unlimited and will provide a valuable and robust field tool/technique
that is currently not available.

e | gave this project a score of 5 because of the potential benefits in comparison to the level of effort that is
proposed, plus at the minimum some new information on this issue will be provided.

Question 2: Methods and Approach to performing the research and development

This project was rated 4.0 on its methods/approach.

o | like the approach of first assessing how much you can afford to spend, but I'm skeptical economic solutions
will be found.

e Approach includes modeling, testing devices and cost analysis - covers the range of flow measurement issues.
The model produces sensitivities of flow characteristics which inform the uncertainty of flow measurements.

o  Will be difficult to find economical measurement solutions for small and medium hydro units less than 50
MW.

e The approach that is laid out in the presentations for this project (including the presentation for WHP140068
by PNNL), present a comprehensive approach involving a review and summarization of measurement
technologies and intake designs, a flow calculator, and some initial CFD simulations. In addition, the results
will be shared and reviewed by MOU agency partners USACE and Bureau of Recreation, public and private
utilities, and ASME PTC-18 and IEC TC-4.

e Cataloging current technologies and doing +/- sounds like a good first step.

Strengths and Weaknesses

Project Strengths

e Worth periodically looking at this.

Seeks to improve flow measurement but also analysis of the value of flow measurement. Involves several labs
and hydro agencies.

e Much needed for future analyses, operations, etc. A foundational item for future studies.

e The approach that is laid out in the presentations for this project (including the presentation for WHP140068
by PNNL), present a comprehensive approach involving a review and summarization of measurement
technologies and intake designs, a flow calculator, and some initial CFD simulations. In addition, the results
will be shared and reviewed by MOU agency partners USACE and BRec, public and private utilities, and
ASME PTC-18 and IEC TC-4.

Project Weaknesses

e Prior efforts have not succeeded in providing highly accurate flow measurement. Installation variability
makes success unlikely.

Specific recommendations for additions or deletions to the work scope

o | like the idea of first assessing what you can afford to spend, but there also needs to be an early assessment of
prospects for improving flow measurement accuracy if that amount is spent.

¢ In case they have not thought about the influence of transient water currents in upstream reservoir forebays, |
recommend they consider effects of thermal stratification in the forebay pool in combination with forebay
features that affect formation of stable withdrawal zones (e.g., upstream submerged
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barriers/walls/berms/coffer dam, abutments, wind effects on mixing of the forebay area, bathymetric
constrictions miles upstream from the hydropower intake, etc.).
e Partner with CEATI, HRF, others.
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W H P 1 40068 Hydropower Flow Measurement NEW

Marshall Richmond, Pacific Northwest National Laboratory
WHP140068
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The bullets below are a compilation of comments made by individual panel members during the evaluation
of this project.

Question 1: Relevance to water industry needs and overall DOE objectives

This project earned a score of 4.3 for its Relevance to water industry needs and overall DOE objectives.
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Solution would be of high value but I'm skeptical it can be found. Too many installation-specific variables.
This project could potentially contribute to the objective of optimizing existing and new hydropower
resources.

CFD models provide excellent and robust tool/utility in dealing with different hydraulics and hydrodynamics
problems at hydropower sites.

Long standing measurement problem that has not been economically attractive to perform for most small to
medium size units with short converging intakes.

Accurate flow measurement is crucial for analyses of hydrogenerator performance, especially in conjunction
with perturbations in the flow field.
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e Please see comments in WHP140067.
e Foundational for future study and data gathering.
e Increased scientific integrity due to more accurate data.
e What is the value proposition for adding accurate flow measurement to existing hydro units?

Question 2: Methods and Approach to performing the research and development

This project was rated 4.4 on its methods/approach.

I like the approach of first assessing how much you can afford to spend, but I'm skeptical economic solutions
will be found.

Technical approach appears to be solid, i.e., "good science."

I like the use of CFD for better understanding flow changes since it could enhance further modelling for
understanding flow losses. For instance, | have seen significant cross-river flows leading across the face of the
trash racks then making a 90 degree turn to enter the short converging intake.

DOE has lots of experience in this type of modeling.

Please see comments in WHP140067.

Cataloging current technologies and doing +/- sounds like a good first step.

Strengths and Weaknesses

Project Strengths

Worth periodically looking at this.

The project is likely to result in good data about flow measurement.

Good foundational work for future studies.

Please see comments in WHP140067.

Identifying value proposition for adding flow measurement will be a great tool.
Look at new technologies for flow measurement.

Project Weaknesses

Prior efforts have not succeeded in providing highly accurate flow measurement. Installation variability
makes success unlikely.

It is not clear to what extent this research will result in more efficient operations. The previous project
analysis will shed light on that.

Some benefits of accurate flow measurement may not be quantifiable; i.e., trust in data and information,
meeting stream flow requirements and downstream deliveries.

Some information may be of a confidential nature to plant owners.

Specific recommendations for additions or deletions to the work scope
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I like the idea of first assessing what you can afford to spend, but there also needs to be an early assessment of
prospects for improving flow measurement accuracy if that amount is spent.

Consideration of flow characterizations outside of the trashrack; i.e., forebay flows, restrictions and losses
Please see comments in WHP140067.

Partner with CEATI, HRF, others.

Analyses of adjacent unit effects.
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7.2 New Hydropower Development

The Water Power Program works to develop, demonstrate, and test new technologies and techniques that can
improve the energy efficiency and environmental performance of hydropower. The program’s activities support
industry by reducing capital and operations and maintenance costs, increasing unit availability and plant capacity
factors, reducing risk through enhanced system reliability, and improving the quality—environmental
performance attributes as well as ancillary power benefits—and quantity of the energy produced. Areas of focus
include water-use optimization, the application of advanced materials and manufacturing methods, and modeling
and prediction of water power grid services.

Addressing Comments for New Hydropower Development

The Hydropower Peer Review Panelists recorded many useful and actionable comments during their review of the
Office’s New Hydropower projects. These comments will be used to make key decisions and recommendations to
those projects that will still be receiving continued funding into future fiscal years, and will help guide Water
Power Program decision making and strategy into the future.

Most of the New Hydropower projects, with the exception of several lab projects, focused on the development
and demonstration of innovative hydropower systems. As is typically the case with high risk research, many of
these projects faced unanticipated permitting and regulatory difficulties leading to project delays and additional
costs. Both WWPTO and the Panelist feedback recognize that this is an inevitable part of innovation and the
deployment of new hydropower. However, it is also recognized that certain measures can be taken during the
planning phase to anticipate these delays. One of the most valuable aspects of these demonstration projects will be
in transferring these lessons learned to industry, including technical, permitting, and financing lessons learned.
This was a major theme of the New Hydropower project panelist feedback and something that the WWPTO plans
to take into account in future years.

In addition, many of these new hydropower projects had proposed or planned efficiency improvements that did
not receive sufficient scrutiny in advance of funding. Critical panelist feedback suggested that DOE engage in a
more detailed evaluation of these claims in advance of project funding to ensure the selection of projects with the
best chances for success. In future years, WWPTO will to engage in a merit review process for its projects that
will address this concern expressed by the Panelists. DOE will incorporate lessons learned from these projects to
develop sound investment strategy going forward.

Several data-gathering initiatives, including the Market Report, the National Hydropower Asset Assessment
Program (NHAAP), and the Cost Data Collection and Modeling projects, are multi-year data gathering efforts
with a constant focus on improving the granularity of the data presented, and the usefulness of the tool. The DOE
places a strong priority on technology transfer, and understands the importance of private sector involvement
throughout the tool’s development. To this end, the performer for all three of these projects, Oak Ridge National
Laboratory, has been actively engaged with industry through a variety of avenues, including partnerships with
industry groups such as CEATI, EUCI, and NHA, which comprise the majority of hydropower ownership in the
United States. In addition, ORNL has reached out to individual developers, and is currently engaged in the
Hydropower Vision Project, where cost/resource data will be vetted among experts across the hydropower
industry and additional data provided to improve the tools.

The New Hydropower Innovative Collaborative is an exciting new project, at a very affordable cost, that brings
together industry experts to stimulate bold, innovative ideas to reduce hydropower cost. Peer review comments
made the point that utilities will only seek implementable proposals. While this is certainly true of utilities, the
NHIC is designed specifically for developers and policymakers and is focused on out-of-the-box proposals, not
traditional ways of implementing hydropower. It is however critically important to focus these proposals on
methods that could fit physically (mechanically, hydraulically, electrically, etc.) within the confines of potential
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new site development boundaries.

Table 7.2.1 lists the New Hydropower Development projects funded in FY 2012 and FY 2013 (“Existing”
projects) that were reviewed during the 2014 Peer Review meeting. Figure 7.2.1 illustrates the standard deviation
of scoring of those projects in relation to the scoring of all projects reviewed in 2014.

Table 7.2.1 New Hydropower Development Projects funded in FY2012 and FY2013
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Figure 7.2.1 New Hydropower Development Projects funded in FY2012 and FY2013
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Table 7.2.2 lists the newly-awarded (“New” projects) New Hydropower Development projects that were reviewed
during the 2014 Peer Review meeting. Figure 7.2.2 illustrates the standard deviation of scoring of those projects
in relation to the scoring of all projects reviewed in 2014.

Table 7.2.2 Newly-awarded “New” Hydropower Development Projects
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Figure 7.2.2 Newly-awarded “New” Hydropower Development projects
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W H P 140069 National Hydropower Asset Assessment Program (NHAAP) - New Hydro Assessment

Shih-Chieh Kao, Oak Ridge National Laboratory
WHP140069
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The bullets below are a compilation of comments made by individual panel members during the evaluation
of this project.

Question 1: Relevance to water industry needs and overall DOE objectives

This project earned a score of 4.3 for its Relevance to water industry needs and overall DOE objectives.

e The project, when completed, is likely most useful for policy makers, i.e., determination of overall potential
for new hydropower. It is possible, but not likely that utilities looking to expand would use this data to
identify potential sites for deployment of new projects. The environmental metadata is useful in terms of
eliminating sites from consideration that are quite sensitive; however, it is not likely that the level of detail of
environmental information would reduce deployment barriers or environmental impacts.

e Q30 should be based on hourly data to provide the information needed for the capacity determination, as the
monthly data will normalize the peaks.

e OQutstanding overview of all potential hydro sites in US. Slide 8 also identifies water uses on the benefits side
versus the potential ESA issues which would be great to capture. Other values such as flood mitigation,
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aquatics protection during drought, recreation enhancement (or loss); GHG reduction impacts, water supply
opportunities now and in the future, etc. etc. will ultimately become determining factors in the development
decisions.

Further analysis on undeveloped stream reaches.

If new hydro designs using the Q30 flow at the 30% exceedence quintile and the 100-year FEMA flood
elevation are cost-effective, this project is very important for significant growth in hydro development. |
think DOE should consider continuing over foreseeable future to keep improving the database, but also
prepare to reduce efforts as sufficient information is attained. | think this project needs continual review by
potential users to keep focused on the most important information. Consider the value of each level of
information added.

Transmission interconnection and proximity to load need to be considered as a screening parameter, and it
may be looked at in the context of aggregated sites within the same reach.

Reducing deployment barriers through identifying challenging "environmental attributes" is a positive but
also being combined with a water storage/supply benefit could also be a positive.

Advances new hydro and removes barriers by identifying sites that have better environmental attributes

EPA was not one of the collaborating agencies. Since EPA and State water pollution control agencies
regulate all waterways regarding water uses, water quality, point and nonpoint pollution discharges, and
drinking water supplies, their input should have been helpful for this analysis. The states and EPA have
identified water uses for all waterways in the USA, and these will need to be considered, with legal
implications.

Pondage impact on reshaping flow profiles and conflicts with downstream water rights/users need to
considered and constraints should be applied before sizing and screening.

Screening criteria could be developed to reflect economic viability without the need to go through specifics of
each site. Example a 1MW capacity that needs one mile transmission or more will very likely be not viable,
and so on. Same could be applied for civil works vs. potential capacity.

Question 2: Methods and Approach to performing the research and development

This project was rated 3.7 on its methods/approach.
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The concept of using Q* H * slope for capacity is a good start, but not an adequate indicator. Q30 based on
monthly flow averages is a rough indicator. A variability factor based on daily flows should be considered.
Proximity to transmission seems like a key factor but is not mentioned in the study nor figured in the
algorithm. This information would presumably be available from the spatial data. It is not clear how the
overall capacity estimate is reduced in consideration of limitations due to environmental sensitivity and
transmission proximity. This is a flaw that could be addressed for example by categorization of capacity into
groups characterized by levels of environmental sensitivity or transmission proximity.

Detailed assessment of 3 million sites clearly shows what is possible, if there were no other issues.

Head, Flow, Stream Reach selection, Calculation of capacity, energy, storage, inundation, environmental
attribution. QC process.

Without considering discharges from municipal and industrial wastewater treatment plants and sources of
organic matter and nutrients from agricultural operations, DOE will over-estimate the number of potential
new hydro projects.

Water temperature is an issue that needs to be addressed. All waterways tend to increase in temperature as
they move downstream; however, with new hydro added, water surface area is increased and water moves
slower through the waterway possibly leading to increased temperatures.

I reviewed the water quality information that is provided through the public portal, and | found references
only to 303d list information. Using only 303d listings for identifying water quality issues for hydro projects
would be misleading for broad-scale assessments. Information that is useful includes water quality data
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(sources: BASINS 4.1 and STORET), water quality criteria, NPDES permits, wasteload allocation models,
watershed studies and management plans, and monitoring programs. Models are available to predict changes
in water quality due to new hydro as well as other waterway uses. The main water quality issues facing hydro
are identified through obtaining State 401 Certificates, so emphasis on these requirements is an important
consideration for every dam.

Question 3: Technical accomplishments and progress toward project and DOE goals

This project was rated 4.1 based on technical accomplishments and progress.

The project appears to on schedule and reports have been published.
Effective project demonstrates what is holding back hydro.

56 GW and 28 GW.

The initial methodology workshops were peer-reviewed.

302 TWh and 157 TWh.

Question 4: Project Management

This project was rated 3.8 on its project management.

e Overall management has resulted in on-time and within budget. The scope may be deficient.
e Appears to be well managed.

e Final report before NHA.

Question 5: Research Integration, Collaboration, and Technology Transfer

This project was rated 3.9 for research integration, collaboration, and technology transfer.

Good use of existing data.

o Reports have been published, but it is not clear who the audience for the information is. Several institutions
were involved in the project.

o Excellent outreach to collaborating agencies and external reviewers.

Question 6: Proposed Future Research

This project was rated 3.2 for proposed future research.

e Don't get carried away with this project. Basic data is good for driving policy, but developers would need
much more site-specific data and will need to develop this themselves. There are many more considerations
than can be included in this project.

e There is not a specific plan for further work other than suggestion for continued refinement and mention of
outreach (to whom?). Due to deficiencies, further work should be proposed.

e Cost model coming including transmission and interconnection.

Strengths and Weaknesses

Project Strengths

e Includes environmental attributes.
e Uses national data sets to estimate potential for new hydro.
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A very, very useful document for BOTH technical and policy decisions.

Provide comprehensive environmental attributes.

The NSD approach allowed a rapid resource assessment to identify new hydropower potential from approx. 3
million undeveloped stream reaches.

Focus on run of river.

Project Weaknesses

Can't catalog all considerations, especially non-technical ones.

Methodology does not result in a good estimate. Further refinement of the information is needed in order to
be useful. Audience is not identified.

Repeat of previous study.

Water quality issues were not sufficiently addressed regarding impacts to NSD. Every major wastewater
discharger in the US is provided a WLA (waste load allocation), and WLAs are sensitive to hydraulic
characteristics of receiving waters. These WLAs are likely to impact results of NSD resource assessments
Doesn't consider transmission attribute -- this is often the cost driver.

The project, when completed, is likely most useful for policy makers, i.e., determination of overall potential
for new hydropower. It is possible, but not likely that utilities looking to expand would use this data to
identify potential sites for deployment of new projects. The environmental metadata is useful in terms of
eliminating sites from consideration that are quite sensitive; however, it is not likely that the level of detail of
environmental information would reduce deployment barriers or environmental impacts.

May not be considering transmission.

Specific recommendations for additions or deletions to the work scope
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Very useful data set for driving policy, but | doubt developers will use it. Developers already know the top
sites and would need much more data than the NHAAP can provide.

What is the difference between this and the one the INL did several years ago (Doug Hall).

Possibly do outreach to environmental community in advance of issuing report and also to get their input on
non-technical issues.

Use as much information that is possible from previous studies.

Identify and focus on apparently highest potential sites.

Are you considering publishing the tool so that developers can adjust parameters for particular sites?

Don’t need a lot of additional data or refinement, but a cost element would be helpful in identifying highest
potential sites.

Develop a communication plan for report roll-out. Considerable risk of push-back from environmental
community.
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W H P 1 400 7 O Stab Creek Powerhouse Project

Scott Flake, Sacramento Municipal Utility District
WHP140070
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The bullets below are a compilation of comments made by individual panel members during the evaluation
of this project.

Question 1: Relevance to water industry needs and overall DOE objectives

This project earned a score of 3.3 for its Relevance to water industry needs and overall DOE objectives.

e A very common set of circumstances.

e This is a demonstration project that is somewhat aligned with the objective of increasing efficiency of existing
projects and reducing environmental impacts.

e The SMUD project is a demonstration of the challenges that may face a developer of a specific site in
securing the required permitting, specifically 401 certification.

¢ A good and interesting demonstration project but of limited knowledge transfer to the industry.
Incremental increases on existing power plants.

e Value as a demonstration project.
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e There is a lesson to be learned from using creative configuration to develop hydropower potential associated
with minimum flow releases and to mitigate site limitation issues.

o Helps reduce deployment barriers and environmental impacts.

e Regulatory challenges are significant in some cases, and not always predictable. This Slab Creek Powerhouse
Project experienced obtaining a 401 Certificate in over 8 yrs., 5 years longer than other studies and permits,
and approvals etc. SMUD was requested to add a powerhouse downstream from dam to provide water for a
bypass reach. They developed a project to add water to the bypass, but this project was slowed up due to 401
Certificate. Reason for the hold up for the 401 Certificate was "slowness™ of state water quality agency,
including staff turnover, ineptitude. Need to share more of these experiences--very significant to attaining
2030 goal for hydro.

e Use of minimum flows to generate power.

e 2.7 MW, 10.5 GWH, $0.074/kwh.

o From 36 cfs constant to variable 63 to 415 cfs, plus kayak/rafting flows of 850 to 1,500 cfs.

Question 2: Methods and Approach to performing the research and development

This project was rated 3.4 on its methods/approach.

e Good design/concept.

¢ Innovative approach to a demonstration project that captures flows that otherwise would be wasted.

e One of objectives is to streamline approach to licensing. But the project hasn't started because of license
delay. What does this tell us? Answer: the streamlining worked but the licensing is still held up. Major
licensing issues.

Question 3: Technical accomplishments and progress toward project and DOE goals

This project was rated 3.2 based on technical accomplishments and progress.

e Many license/permitting processes completed. No final design approved yet. Delays in spite of efforts to
expedite permitting.

e Progress has been limited due to regulatory slippage.

Question 4: Project Management

This project was rated 3.5 on its project management.

e Probably as good as possible, but good management could not address permitting problems.
e Project Management appears to be adequate given the regulatory circumstances.

Question 5: Research Integration, Collaboration, and Technology Transfer

This project was rated 2.8 for research integration, collaboration, and technology transfer.
o Potential for lessons learned. This needs to be a requirement of DOE funding.

e None so far.
¢ Not a lot of technology transfer but a positive demonstration of how hydro can grow.
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Question 6: Proposed Future Research

This project was rated 3.0 for proposed future research.

Mostly sharing of lessons learned.
Proposed completion of project is aligned with goals same as original project.
DOE was to aid in design and construction but has been delayed due to regulatory delays.

Strengths and Weaknesses

Project Strengths

Solid demonstration project of a very common situation (increased minimum streamflow requirements)
Demonstrates imaginative solution to increase hydro without environmental impacts.

A good demonstration of hydro growth potential but also highlights the challenges of regulatory issues that
can derail even positive projects.

Shows some different ways of modifying dams to change flow patterns and deliver boating flows.
Demonstrates innovative sighting concepts to make a project viable.

Project Weaknesses

Nothing very innovative about the project or process.

Demonstration not particularly applicable to others; permitting issues have greatly delayed the project.
Very slow moving due to delays in FERC licensing.

Project will proceed even w/o DOE funding.

Did not streamline the licensing process as originally anticipated.

Specific recommendations for additions or deletions to the work scope
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Fund at a modest level as a demonstration project. Require identification and dissemination of generic
lessons learned that can be used by others.

Water quality certification is one of the biggest concerns that stakeholders have as they contemplate
participating in developing minimum flow releases at a dam site, and probably the main reason why they
would not be interested. So, some efforts should be spent through DOE and NHA to explore options on
streamlining the water quality recertification process and limit stakeholders/water rights owners exposure to
potential change in requirements.

Greater value for DOE funding would be to help streamline the permitting process.
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W H P 14007 1 Harnessing the Hydro-Electric Potential of Engineered Drops

Sharon Atkin, Percheron Power
WHP140071
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The bullets below are a compilation of comments made by individual panel members during the evaluation
of this project.

Question 1: Relevance to water industry needs and overall DOE objectives

This project earned a score of 4.0 for its Relevance to water industry needs and overall DOE objectives.

e Aligns strongly with DOE goal to advance new hydropower systems and/or components for demonstration or
deployment.

e This technology is not new, and the challenge to deployment in the US is due to its high LCOE, as it requires
extensive civil works.

o Excellent demonstration of innovative low head technology that has been used internationally but has not
been deployed in the US. $4M for 4000 MWH per year presents challenging economics with current US
energy prices as compared with Europe. If future US energy prices rise, this is a viable option.

e Demonstration of Archimedes screw technology for low head canal development.
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Good demonstration project for USA. Applicable to canals, mainly in western USA. To get buy-in by
operators. To go thru process of decision making and share experience with others in USA. Performance
bond, guaranteed for 2 years for everything.

LCOE of the proposed project needs to be determined to assess economic viability, and provide comparative
analysis versus competing technologies.

1 MW and 4000 MWhrs.

DOE 1.1 M--but PP retained top turbine engineer from GE to maximize power.

LCOE of deploying the Archimedes screw if it were to be manufactured in the US should also be assessed
and reported to provide the justification needed for the current demonstration project.

Rehart turbine, have 59 plants already operating, constructed in USA.

There is no lack of technologies that can use hydropower potential at a modified drop structure, especially
with extensive civil works.

Aeration considerations for sites that originally aerated? Placed on drop 16 ft. high. Likely a site-specific
consideration. Needs to be considered. Bureau of Reclamation in Denver (Chris Holdren) good contact.
Small hydro on canals will in some cases face the need for aerating water passing through their turbines. This
will be a site specific need. Bureau of Reclamation in Denver (Chris Holdren) good contact.

Question 2: Methods and Approach to performing the research and development

This project was rated 3.4 on its methods/approach.

Selected a site with appropriate head and flow regime, ease of interconnection, absence of environmental
impacts, and support of the local irrigation system owners and operators. In addition, all NEPA work,
including an EA and a FONSI, had already been completed Reclamation manufacturer from Europe will
attend installation. Solid analysis of flow/head and design of civil works.

Raising awareness of a viable technical solution that has international deployment experience.

Good demonstration of technology in USA and the process to go thru.

Needs some cost analysis: how low can cost go? Has there been an analysis to determine how low cost would
have to be to be cost effective (or how much power would have to be worth)? This is successful in Europe but
power is more expensive there.

Question 3: Technical accomplishments and progress toward project and DOE goals

This project was rated 3.4 based on technical accomplishments and progress.

All design, analysis, permitting and bidding/selection steps have been completed. Construction scheduled for
fall 2014 appears to be on track.

A truly innovative turbine introduction to the US. Not completely mature technology and one that has not
completely maximized efficiency.

Question 4: Project Management

This project was rated 3.4 on its project management.
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Management seems to be competent and effective.
Appears to be on track.
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Question 5: Research Integration, Collaboration, and Technology Transfer

This project was rated 3.4 for research integration, collaboration, and technology transfer.

e Make sure the lessons learned are widely disseminated.

e Collaboration with Reclamation and water users, AE firm and manufacturers. No presentations, papers or
external outreach yet.

e Bringing successful design from Europe to the US market.

Question 6: Proposed Future Research

This project was rated 3.5 for proposed future research.

o Continuation of the project to completion in coming year. Project should continue as planned.
e Modular AHS to reduce costs.

e Determination of reliability of this technology.

Strengths and Weaknesses

Project Strengths

e New application of known technology.
Good demonstration of low head technology that is successful elsewhere and not previously used in US. The
technology has many advantages - fish friendly, passes trash, low maintenance. The project planning and
coordination are effective. Site selected minimized time for permitting.

e Fish friendly.

e Lots of lessons to learn.

e Will handle trash and debris.
e Utilized site assessment data.
Project Weaknesses

e May prove too costly.
e Poor collaboration with water users and local power customers.
¢ A model of how not to approach a project with stakeholders.

Specific recommendations for additions or deletions to the work scope

e Catalog and widely disseminate all lessons learned. Not just technical but also permitting and financing
o Need cost analysis - what is needed for cost effectiveness? A cost analysis should be done at end of project to
provide DOE with information about the potential to apply this technology in other places.
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W H P 14007 2 Hydropower Energy Resource (HyPER) Harvester

Nadipuram (Ram) R. Prasad, New Mexico State University
WHP140072
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The bullets below are a compilation of comments made by individual panel members during the evaluation
of this project.

Question 1: Relevance to water industry needs and overall DOE objectives

This project earned a score of 3.8 for its Relevance to water industry needs and overall DOE objectives.

e Good relevance, but seems like a long shot that this technology can be successful.

e Aligns strongly with DOE goal to advance new hydropower systems and/or components for demonstration or
deployment.

e There is a lot of focus on the modular aspects of the proposed turbine design but very little consideration to
demonstrating the efficiency of the turbine.

e These irrigation drops and Kaplan turbine technology have been around for about 100 years and were never
developed due to economics. Major turbine manufacturers have also experimented with various lightweight
materials. Looking for a breakthrough but this remains to be seen.

e Demonstrates low head hydropower on drop structures that can meet NEPA requirements.
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e It is not clear why the turbine is designed to capture only a fraction of the energy potential at the proposed
site.
e Modular architecture.

Question 2: Methods and Approach to performing the research and development

This project was rated 3.2 on its methods/approach.

e Many unsolved/unaddressed problems.

e Appears to be well designed both the turbine and the "drop in" modularity. It is difficult to assess technical
feasibility. There does not seem to be a viable plan for protecting the turbines from trash and rocks.

e Unproven assertions as the basis for LCOE projections.

e Solid CFD approach.

o Unique water passage design for this specific drop may not be best example of "plug and play".

e There are a number of maintenance challenges that may arise with this submarine generator design and

cooling system.
e Calculated efficiency and "Maximum Power Transfer" quoted appear to be far below other conventional
methods.

Question 3: Technical accomplishments and progress toward project and DOE goals

This project was rated 3.3 based on technical accomplishments and progress.

e Good progress, somewhat behind schedule. Success is likely.

o Specific design for this application has been modelled extensively. Cost effectiveness of real world prototype
remains to be seen.

e Good progress, 5 months behind.

Question 4: Project Management

This project was rated 2.9 on its project management.

e Seems like a blind eye to some important issues: trash, civil works for draft tube penetration of water barrier
at sites with different civil geometry.

e Management seems effective - but innovation is usually fraught with glitches and a few have been
encountered.

Question 5: Research Integration, Collaboration, and Technology Transfer

This project was rated 3.4 for research integration, collaboration, and technology transfer.

e Irrigation District is strong partner. Turbine manufacturer participates. Especially nice is the undergrad
capstone project at NMSU, cost shared by the University. Several publications done and in progress.

o Lots of peripheral benefits in the academic realm for student engagement.

e High degree of applicability to many other sites due to modular design, no need for civil works, inexpensive
manufacturing techniques, off-the-shelf AC generator.
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Question 6: Proposed Future Research

This project was rated 3.1 for proposed future research.

Poor chance of success.

Proposed continuation of the project aligns well with and is likely to deliver results.

Will likely struggle to deliver on LCOE particularly when considering connection requirements to an
electrical transmission system for many of these very remote locations.

Performance testing and reliability determination.

Strengths and Weaknesses

Project Strengths

Trying to address an important issue of developing canal drops.
Strong EBID collaboration, extensive analytics and design, innovative turbine design that can be applied to
low hear irrigation drops. Student project sponsored by University.

e Fits in with historic value of the structure.
e Modular architecture.

e Turbine made out of Kevlar.

Project Weaknesses

Important issues not addressed.

Truly innovation - much to be discovered by the implementation. Some technical problems not yet sorted out,
especially the trash problem.

This is probably not going to be successful as a cost effective and "revolutionary"” breakthrough approach
with low installation and maintenance costs that can deliver the promised LCOE.

Specific recommendations for additions or deletions to the work scope
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Require focus on key issues to be solved.
Continue the project to completion and monitor thereafter.
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W H P 140073 SLH-100 Demonstration project at Monroe Drop

Abe Schneider, Natel Energy
WHP140073
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The bullets below are a compilation of comments made by individual panel members during the evaluation
of this project.

Question 1: Relevance to water industry needs and overall DOE objectives

This project earned a score of 3.9 for its Relevance to water industry needs and overall DOE objectives.
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Need to demonstrate viability of this new technology.

Aligns strongly with DOE goal to advance new hydropower systems and/or components for demonstration or
deployment.

There is a need for Natel Energy to think about the economic viability of developing a site using their turbine.
It seems that more attention needs to be directed to savings in civil works and interconnection cost than
savings from improving the mechanical efficiency.

Looks like about $2M for this installation of 100kw? (guessing 876 MWH per year at 100% capacity factor
times $70.4/MWH is $65K per year or 30 years to recover initial investment without consideration of
additional O&M costs) What is the LCOE for this? There are numerous moving parts with the mechanism as
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designed. In real world applications with lots of leaves, twigs, silt, plastic bottles, aluminum cans, and trash,
complex mechanisms can have trouble.

Demonstrate new technology for low head canal hydropower.

Great opportunity for lessons learned, both technical and regulatory.

Remove barriers to development.

Modular.

Question 2: Methods and Approach to performing the research and development

This project was rated 3.4 on its methods/approach.

e Good focus on keeping costs low and minimizing impacts to water flow.

e Generally solid design: run of river to minimize impact to normal operations; obernyer gate; power house is
in bypass.

¢ Not seeing a lot of hydraulic design information about the mechanism or why it would be significantly more
efficient than traditional designs or require less maintenance. Little assurances in the "design" phase.

e Good recognition that this is a demonstration project and will have special needs (oversized PH building).

Question 3: Technical accomplishments and progress toward project and DOE goals

This project was rated 3.2 based on technical accomplishments and progress.

Accomplished a lot, but stuck on permitting.

Behind schedule due to permitting delays.

Has not gotten to the point of being a demonstration site over the course of several years.

Unproven assertions of the LCOE particularly including future maintenance needs for this mechanism.

Question 4: Project Management

This project was rated 2.8 on its project management.

e Seems good, but are now up against wall.
e Project management and project planning could have been better.

Question 5: Research Integration, Collaboration, and Technology Transfer

This project was rated 3.2 for research integration, collaboration, and technology transfer.
e Collaboration with irrigation district. No pubs or other collaborations.

Question 6: Proposed Future Research

This project was rated 2.5 for proposed future research.

o Little chance that this will become the product of choice for low head installations.
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Strengths and Weaknesses

Project Strengths

Looking for solution that can be applied at many other sites with same civil structure.
Out of the box innovative approach but probably not economical or maintenance friendly.
Modular installation.

New technology.

Recognizes challenges.

Project Weaknesses

e Innovative in concept but design flaws of an excessively complex mechanism will face many operational
challenges due to debris, fatigue, water quality, inefficiency, and maintenance issues.

e No FERC exemption.
NEPA not complete.

Specific recommendations for additions or deletions to the work scope

o Keep the funding going as long as good progress being made.
o Misrepresentation of the facts of the permitting process.
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W H P 1 4007 4 SLH Timing Belt Powertrain

Abe Schneider, Natel Energy
WHP140074
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The bullets below are a compilation of comments made by individual panel members during the evaluation
of this project.

Question 1: Relevance to water industry needs and overall DOE objectives

This project earned a score of 3.7 for its Relevance to water industry needs and overall DOE objectives.

e An essential improvement to this new technology -- fewer moving parts in power train.

e Developing a "completely different and new type of hydro machine™: Aligns strongly with DOE goal to
advance new hydropower systems and/or components for demonstration or deployment.

¢ Innovative and non-traditional design of equipment but with very low probability of successful deployments.
Completely new technology.

e  Shows promise of lower cost.
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Question 2: Methods and Approach to performing the research and development

This project was rated 3.6 on its methods/approach.

e Technical approach seems to be good: built hydraulic test facility, significant math modeling; extensive tests
to create cost effective product with low maintenance.

o Design flaws are apparent.

Question 3: Technical accomplishments and progress toward project and DOE goals

This project was rated 3.6 based on technical accomplishments and progress.

e Good progress with good potential for success.
Project is completed.

o Focused on making a better belt to insert into a flawed concept. Every belt flexure and belt contact represents
lost internal energy due to flexure and external friction losses due to drive slippage, essentially lowering the
efficiency to the point of becoming an uncompetitive alternative. In addition, points having relative motion
can trap debris and lead to mechanism jams or overstress of the connections.

Question 4: Project Management

This project was rated 3.3 on its project management.
e Good recognition of key issue.

Question 5: Research Integration, Collaboration, and Technology Transfer

This project was rated 2.9 for research integration, collaboration, and technology transfer.

e Built own test facility.
e Collaborates with Alden Labs.

Question 6: Proposed Future Research

This project was rated 2.2 for proposed future research.

o Limited applicability other than to this one technology.

e None.

e Not likely to be the product of choice for low head applications.

Strengths and Weaknesses

Project Strengths

e Recognizes key issue to success of technology.
e Key focus on cost reduction.
o Clear understanding of real world operational criteria.
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Project Weaknesses

e Uncertain outcome, but that's inherent in R&D.

e Complex mechanism with fatigue concerns in a clean water environment can only get worse in real world
application with silt, leaves, debris, plastic bottles, etc.

e Has already been demonstrated.

Specific recommendations for additions or deletions to the work scope

o Follow up on this when it is installed and tested.
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W H P 1 4007 5 Scale-up of low-head SLH hydroengine

Abe Schneider, Natel Energy
WHP140075
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The bullets below are a compilation of comments made by individual panel members during the evaluation
of this project.

Question 1: Relevance to water industry needs and overall DOE objectives

This project earned a score of 3.6 for its Relevance to water industry needs and overall DOE objectives.

e Developing a "completely different and new type of hydro machine": Aligns strongly with DOE goal to
advance new hydropower systems and/or components for demonstration or deployment. This project
capitalizes on the previous 2; it develops a full scale prototype and was funded partly under the SBIR grant.

e Atechnology has to be proven and accepted first before scaling up efforts should be initiated.

e An overly complex energy conversion mechanism with unknown efficiency characteristics and significant
maintenance concerns when applied in real world applications as well as unproven ability to deliver at
$0.07/kwh, make this a very difficult sale.
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e More critical evaluation of proposed projects in a real world environment could help DOE select those
projects most likely to succeed. Appears to offer no advantage over conventional hydro systems for low head
and many drawbacks are envisioned.

o Before scaling up, make sure the first prototype actually delivers efficiency improvement beyond traditional
design alternatives and delivers on promised LCOE including longer term maintenance costs.

Question 2: Methods and Approach to performing the research and development

This project was rated 3.2 on its methods/approach.

e The design is complex with many parts. This test has resulted in recommendation for further research,
presumably because of design inadequacies. More detailed information is needed.

e Tremendous effort went in to belt testing of this mechanism. Many moving components and relative motions
that offer points for friction, binding, foreign material entrapment, efficiency losses, etc.

Question 3: Technical accomplishments and progress toward project and DOE goals

This project was rated 3.0 based on technical accomplishments and progress.

e It appears that the goals were not met although the project is completed.

o Little evidence of following traditional "design" process but rather appears closer to trial and error
development of necessary belt properties.

Question 4: Project Management

This project was rated 3.1 on its project management.

¢ Although project is not at the stage expected upon completion, it is not clear that project management is the
problem. The invention process is always uncertain.

Question 5: Research Integration, Collaboration, and Technology Transfer

This project was rated 2.9 for research integration, collaboration, and technology transfer.

o Possibly limited opportunity to apply lessons learned to other hydro applications.
e Collaboration only with Alden pending patent applications.

Question 6: Proposed Future Research

This project was rated 2.5 for proposed future research.

e Mostly focused on SLH technology.

e DOE should analyze the status of this work carefully from a technical and financial perspective before
making a decision to fund it further. In concept, further work is aligned with DOE objectives, but risks of high
costs and not completing should be considered.

e Prototype product must deliver on promises of cost, efficiency, and maintainability BEFORE considering
scale up.
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Strengths and Weaknesses

Project Strengths

e New technology, new application of materials.
e Cost share funding and collaboration with highly regarded Alden Research lab.
e U.S. supply chain.

Project Weaknesses

o Real world loads likely to be different and more variable than lab tests.
e Project completed but goals not yet met. Also, costs of civil works need to be addressed.

Specific recommendations for additions or deletions to the work scope

e Maybe hold off on scaling up until Monroe is built and demonstrated to be viable. Incorporate lessons
learned on Monroe as part of scale-up.

o DOE should analyze the status of this work carefully from a technical and financial perspective before
making a decision to fund it further. In concept, further work is aligned with DOE objectives, but risks of high
costs and not completing should be considered.

o Need to focus on civil works which is where the big costs are.
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W H P 14007 6 W4e (“Water for Energy”) Hydropower Turbine Generator System Validation

Henry Russell, Walker Wellington
WHP140076
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The bullets below are a compilation of comments made by individual panel members during the evaluation
of this project.

Question 1: Relevance to water industry needs and overall DOE objectives

This project earned a score of 3.1 for its Relevance to water industry needs and overall DOE objectives.

e Wd{e turbine seems to have design flaws that need to be resolved/mitigated before further testing

e Turbine efficiencies of 20% and lower are not very impressive but | applaud the effort to get unbiased
efficiency performance testing.

e Prove a direct drive, modular low head conduit turbine-generator.

e Pl did not attend to clarify concerns relevant to the low efficiencies revealed during the earlier testing of the
unit.

e Characterized under various flow conditions.
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Question 2: Methods and Approach to performing the research and development

This project was rated 2.7 on its methods/approach.

o Not much delivered to the panel for evaluation. Unproven assertions and absence of presenter speak volumes
of the project's expected viability.

o ASME testing for hydroturbines.
Little evidence of hydraulic design processes. Laboratory test results can only get worse in real world
installations with debris, silt, and other difficulties.

e Flow from 3 to 12 cfs and 9 to 34 feet of head.
Independent analysis of data.

Question 3: Technical accomplishments and progress toward project and DOE goals

This project was rated 2.1 based on technical accomplishments and progress.

e Measured efficiency way lower than predicted (20% v. 85%).

o Very little in the way of encouraging progress was presented and the company's representative chose not to
attend.

Question 4: Project Management

This project was rated 2.5 on its project management.
e Completed within original schedule.

Question 5: Research Integration, Collaboration, and Technology Transfer

This project was rated 2.1 for research integration, collaboration, and technology transfer.

e Report is available at OSTI.gov.
e OSTIID 1096577.

Question 6: Proposed Future Research

This project was rated 1.7 for proposed future research.

¢ None Not warranted based on test results.
e Project completed at modest DOE share cost.

Strengths and Weaknesses

Project Strengths
e Good to investigate new technologies.

Project Weaknesses
e Forecast efficiencies were way off.
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Specific recommendations for additions or deletions to the work scope

o No further investigation warranted.
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W H P 140077 Small Hydropower Research and Development Technology Project

Callum Sullivan, Near Space Systems
WHP140077
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The bullets below are a compilation of comments made by individual panel members during the evaluation
of this project.

Question 1: Relevance to water industry needs and overall DOE objectives

This project earned a score of 2.4 for its Relevance to water industry needs and overall DOE objectives.

e This project aligns with DOE objective of advancing new hydro systems. It is not clear how the results will be
used.

e The project objective is vague, and not enough details were offered, especially when the PI did not attend
Project closed - Unsubstantiated claims of reduced LCOE (how does one calculate and arrive at a 500%
reduction in LCOE???) and unknown performance in real world situations with trash, high water, unbalance
or impact loads. Unknown efficiency.

e There should not be a new turbine design before specifying what the intended site or application looks like.
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Question 2: Methods and Approach to performing the research and development

This project was rated 2.5 on its methods/approach.

o | like the clean sheet approach, picking the best of existing technologies.

e Unsubstantiated words without demonstrated results. Company representation chose not to attend
presentation.

e Clean sheet approach to all aspects of small hydroturbine design and performance.

Question 3: Technical accomplishments and progress toward project and DOE goals

This project was rated 1.8 based on technical accomplishments and progress.

Sounds like a list rather than a product at this point.

Unclear about the accomplishments.

Not much tangible in the presentation to demonstrate real progress toward the claimed achievements.
Prototypical design.

On time, but no report.

Question 4: Project Management

This project was rated 2.0 on its project management.
e Not enough information.

Question 5: Research Integration, Collaboration, and Technology Transfer

This project was rated 2.0 for research integration, collaboration, and technology transfer.

e Some potential if a real project.
o No research integration, collaboration, tech transfer.

Question 6: Proposed Future Research

This project was rated 2.0 for proposed future research.

Some potential if a real project.

Not Applicable.

Unconvincing progress to date.

Construction of next generation hydroturbine.

Strengths and Weaknesses

Project Strengths
o Identification of best practices has value and should be shared with existing equipment manufacturers.

Project Weaknesses
e Doesn't seem to offer new technology. EXxisting manufacturers are working on these same issues.
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e Report not done.
e Wish list of good stuff and promises.

Specific recommendations for additions or deletions to the work scope

e No further funding -- seems like a dead end, with little chance of producing new technology.
e Closed. Without tangible demonstrated progress, would not recommend further funding.
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W H P 14007 8 Laboratory Demonstration of a New American Low-Head Hydropower Turbine
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The bullets below are a compilation of comments made by individual panel members during the evaluation
of this project.

Question 1: Relevance to water industry needs and overall DOE objectives

This project earned a score of 3.6 for its Relevance to water industry needs and overall DOE objectives.

e Good concept.

e Aligns strongly with DOE goal to advance new hydropower systems and/or components for demonstration or
deployment.

e Project PI did not show up to the meeting.

e Aviable technology that appears well suited to existing lock and dam locations with low heads.

Question 2: Methods and Approach to performing the research and development

This project was rated 3.3 on its methods/approach.
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e Matrix turbine installation concept has been around for a number of years but not yet successfully utilized in
the US.

Question 3: Technical accomplishments and progress toward project and DOE goals

This project was rated 2.9 based on technical accomplishments and progress.
e Work collaborated by Engineering consulting firm and Independent lab testing.

Question 4: Project Management

This project was rated 2.4 on its project management.

e Costs have significantly overrun.

e Major cost overruns indicate initial scoping and cost estimating was poor. Calls into question the initial
LCOE estimates.

Question 5: Research Integration, Collaboration, and Technology Transfer

This project was rated 3.3 for research integration, collaboration, and technology transfer.
o Good engagement with others.

Question 6: Proposed Future Research

This project was rated 3.1 for proposed future research.

Strengths and Weaknesses

Project Strengths
e Good concept. Modularity could significantly reduce cost of civil works/installation.

Project Weaknesses
¢ Relatively low efficiency achieved to date.

Specific recommendations for additions or deletions to the work scope

o Keep aclose eye on this one. It seems close to the feasibility brink due to the low efficiency.
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W H P 140079 Demonstration of Variable Speed Permanent Magnet Generator at Small, Low-Head
Hydro Site

David Brown Kinloch, Weisenberger Mills
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The bullets below are a compilation of comments made by individual panel members during the evaluation
of this project.

Question 1: Relevance to water industry needs and overall DOE objectives

This project earned a score of 4.0 for its Relevance to water industry needs and overall DOE objectives.

e High value and low cost.

e Aligns strongly with DOE goal to advance new hydropower systems and/or components for demonstration or
deployment.

o variable speed conversion is a very timely project, and much needed for both existing and future small hydro

sites, especially in the context of renewable integration.

Relatively low cost share. May have applicability for new small hydro but remains to be seen.

Most low head sites have fixed blade turbines and fixed speed generators unable to respond to head variation

Good application of new technology from wind industry.

Demonstrates how much better a variable speed permanent magnet generator would be.
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e New hydropower systems.

Question 2: Methods and Approach to performing the research and development

This project was rated 4.2 on its methods/approach.

Like the approach of changing only one component.

Methodology looks solid; flood modification for "apples to apples" comparison.
Innovative concept apparently used in the wind industry. May have limited applicability.
Apples to apples approach with the only change being the induction generator to the PMG.
Like the self-calibrating system.

Question 3: Technical accomplishments and progress toward project and DOE goals

This project was rated 3.7 based on technical accomplishments and progress.

o Delays due to drought (can't test high flows); inverter change - etc.; will finish this spring. Success likely.
o Results significantly delayed.

o 4% losses in inverter.

Question 4: Project Management

This project was rated 3.6 on its project management.

e PM appears strong and competent. Delays could not be avoided. Additional costs (due to floor problems) will
be absorbed by company; cost share % will go up.

e Perhaps not thoroughly thought out since powerhouse required modification for the loads associated with
equipment.

e Behind schedule for cause.

Question 5: Research Integration, Collaboration, and Technology Transfer

This project was rated 3.9 for research integration, collaboration, and technology transfer.

Good opportunity.

Well integrated with industry and Center for Applied Energy Research; one conference paper.
Not likely a lot of transferability but worth minimal investment experimentation.

Could be very beneficial to small hydro developers.

Costs slightly higher than an induction system but still a lot cheaper than a synchronous system.
Off the shelf ABB variable speed drive for the inverter.

Question 6: Proposed Future Research

This project was rated 3.8 for proposed future research.

e Plan to ramp up if successful.

o Future efforts to ramp up from 50 KW to 2.64 MW at each of 2 new sites and add new Norwegian
"Turbinator"; high likelihood of success.

e Much cheaper than synchronous generators, may have a niche in small hydro.
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e Looking at ramping up by adding two new plants. Talking to the "Turbinator" manufacturer about changing
generator to PMG.

Strengths and Weaknesses

Project Strengths

Great concept.

Low cost to DOE, good design and methodology, preserves a valuable historic and ongoing business.
Self-calibrating (bump up, bump down).

Low cost.

Good approach.

High potential for application.

Project Weaknesses
o Delayed; however, for good reasons.

Specific recommendations for additions or deletions to the work scope

e Watch out for arc flash risks in increasing voltage of controls to 480v.
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W H P 140080 Cost Data Collection and Modeling for Hydropower NEW

Qin Fen (Katherine) Zhang, Oak Ridge National Laboratory
WHP140080
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The bullets below are a compilation of comments made by individual panel members during the evaluation
of this project.

Question 1: Relevance to water industry needs and overall DOE objectives

This project earned a score of 4.3 for its Relevance to water industry needs and overall DOE objectives.

e Animportant addition to the Data Base.

e This project aligns with all of DOE's goals and objectives because ultimately cost will be central to all
transitions in the hydro industry. This project addresses the recognition of the gaps in data and in cost analysis
and would primarily support DOE's R&D effort.

e The "cost inventory and database™ leveraging what is already available would be useful, however, the two
modeling objectives seem to be research oriented more than industry need.

e A $2M project with some value although a wide range of cost uncertainty would be possible because
application to specific sites is highly site dependent.

e Improvement in the accuracy of estimating costing of new hydropower resources, including new technologies.
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This project can help focus DOE plans for future research. It can also help developers by providing greater
perspective regarding costs as well as consideration of a range of site-specific requirements. The focus
initially is on NPD and ROR projects. It meets a need for a consistent way to develop costs for representative
turbine base case conditions, fish-friendly turbines, aerating wheels, alternatives, and operations.

Primary use may be to support policy. May also have value for relative feasibility screening. Developers will
do their own cost analysis.

when it comes to hydropower development, It is very difficult to generalize, as every site is unique in
development needs/costs.

Quantification of cost drivers and barriers.

It would be more efficient to re-scope the modeling components of this project to leverage readily available
cost tools and try to improve on their shortcomings and gaps.

Possibility of new technologies reducing cost.

Lack of water quality conditions at non-powered dams and new sites can be a barrier to development. These
sites often require water quality modeling and, sometimes, additional data.

Advanced statistical techniques are not needed when the sample size is very small

Costs for aeration requirements are very site-specific because of project DO conditions (DO range, <0-8
mg/L) as well as regulatory requirements (DO range, 4-10 mg/L), so there is a wide cost range. Consider a
range of aeration requirements: none, low, moderate, high, extreme. Also, need to consider whether aeration
is sufficient or oxygen is required.

Question 2: Methods and Approach to performing the research and development

This project was rated 3.6 on its methods/approach.

Approach seems appropriate, be careful to stay at high level appropriate for relative screening purposes
Technical approaches look solid; data structure and collection; new modeling capabilities (strong component);
integrated model validation; new technology? Life-cycle costs considered. Quantification of uncertainty
would be useful. Approach can be better assessed and informed by development of a specific list of questions
that can be answered by the data and analysis tools.

Difficult to use generic data to make forward cost estimates of any specific sites.

Sharing agreements with industry and owners.

Focus on NPD and ROR sites initially is good.

Important to tie into EUCG both for data and lessons learned in gathering and validating data

Overall approach is good, but highly recommend engaging developers early in process as well as
intermittently during the project to ensure DOE is responsive to their requirements. For example, |
understand that Chinese manufactured turbine systems are being considered by some, if not many,
developers.

Given the variability between project sites and developers' needs, | would think breadth of analysis in the
integrated model will be more important than the results of the baseline cost model.

Strengths and Weaknesses

Project Strengths
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Proj

Spe

Improved cost estimating would be very useful to developers and those performing resource assessments of
hydropower potential. This is especially true for new technologies that might be less costly.

This project can help focus DOE plans for future research. It can also help developers by providing greater
perspective regarding costs as well as consideration of a range of site-specific requirements. The focus
initially is on NPD and ROR projects. It meets a need for a consistent way to develop costs for representative
turbine base case conditions, fish-friendly turbines, aerating wheels, alternatives, and operations.

Case study on the Alden Fish Friendly Turbine is beneficial since it is the initial cost of that design and
associated increased excavation that has kept those projects from moving forward.

Feeds the cost model for the NHAAP.

Useful for policy and screening level decisions.

ect Weaknesses

High number of site-specific variables can overwhelm this project.

Need to be able to determine variability or uncertainty for both data and model output.

Difficulty using other recently constructed hydro plants to determine an appropriate estimate for construction
of a new plant. Site differences, equipment selection differences (overseas manufacturers with little history vs.
tier 1 supplier), builder strategy (build to sell or build to operate), actual location and regulatory environment
for that location, etc. etc. all make major differences in cost for new plants.

$2 million.

High risk of getting buried in data or having to make so many assumptions that results are not valuable.

There is so much that is site dependent for most every hydropower project that | have been involved with, so
cost is a hard thing to nail down. There is a point of diminishing returns.

cific recommendations for additions or deletions to the work scope
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Important to distinguish between different kinds of facilities

Emphasize high level uses of cost data with large uncertainty bands. Digging too deep may not deliver
incremental value.

Important for DOE to engage developers early in process as well as intermittently during the project to ensure
DOE is responsive to their requirements.

Design the project and keep cost data at very high level appropriate for relative screening, identifying trends
and supporting policy.
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The bullets below are a compilation of comments made by individual panel members during the evaluation
of this project.

Question 1: Relevance to water industry needs and overall DOE objectives

This project earned a score of 3.6 for its Relevance to water industry needs and overall DOE objectives.

e Concept of a center for aggregating innovation is a great idea.

e This project aligns with the goals of advancing new hydropower systems and/or components for
demonstration or deployment.

e The utility value of the final product and the targeted audience/users should drive the development of the
scope for any project.

o Interesting concept that merits further work. Comprehensive energy policy and strategy could go a long way
toward supporting and sustaining all renewables.

e Traditional economies favor large hydropower; traditional financing mechanisms do not.
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e Duplicate efforts should be minimized and better integrated across different DOE programs and ORNL,
PNNL, etc.

o Reports New Pathways to Hydropower Feasibility (project) and A New Agenda for Hydropower
Transformation (policy).

e Studies that are meant to inform policy level decisions need to be conducted so that results are at the
granularity needed to report in a policy setting.

e How do you deal with failure in an innovative industry.

e There is a need to find creative ways to incentivize development of small hydropower projects beside
technology innovation.

e From industry perspective, one should keep in mind that utilities only seek implementable proposals/ideas,
whether it relates to technology, regulatory process, development roadmap, lessons learned, best practices,
etc.

Question 2: Methods and Approach to performing the research and development

This project was rated 3.4 on its methods/approach.

e Need to maintain collaborative approach to identifying ideas.
The approach is innovative (not typical analysis) and risky, but applaud that DOE is willing to fund this. This
score reflects the innovative approach and uncertainty of the success.

e The policy and advocacy pieces are critical to future development and sustainability of hydro resources.

Strengths and Weaknesses

Project Strengths

e Great concept, could be of high value.
¢ Innovative approaches in this area are needed. Great that DOE is supporting this.
e Bringing together innovative collaborators and thinkers.

Project Weaknesses

Will thought leaders share their most innovative ideas?

Risky in terms of ultimate use.

Fairly narrow group of individuals involved.

Have not addressed greenhouse gas reduction and possibly pump storage.
Question what we are going to get out of this that we don't already know.

Specific recommendations for additions or deletions to the work scope

Might be more valuable as a forum than a product. Who is going to use the product?

Continue to support and follow up project with evaluation of usefulness.

Steer toward more specific topic and gathering of experts and new innovators to discuss ideas and concepts
Do any of the other renewable technologies have this? How about wind? If so, how is it working? Is it of
value?
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7.3 Pumped-Storage Hydropower and Integration

Conventional and pumped-storage hydropower can increase the flexibility and stability of the U.S. electric grid
and support the integration of variable renewable resources like wind and solar. The Water Power Program
guantifies the benefits of effective and cost-competitive hydropower technologies and communicates those
benefits to stakeholders. The Water Power Program is collaborating with Argonne National Laboratory to model
the vast range of advanced pumped-storage hydropower capabilities with the aim of quantifying its full economic
value. Studies like this one will help demonstrate the numerous and varied services hydropower can provide for
today’s modern electric grid.

Addressing Comments for Pumped-Storage Hydropower and Integration

The Hydropower Peer Review Panelists recorded many useful and actionable comments during their review of the
Office’s Pumped Storage Hydropower projects. These comments will be used to make key decisions and
recommendations to those projects that will still be receiving continued funding into future fiscal years, and will
help guide Water Power Program decision making and strategy into the future.

Due to the nascent nature of WWPTO’s pumped storage hydropower work, Panelist feedback focused on the
intent of this new body of work as well as the importance of properly valuing the benefits of this largely untapped
resource in the United States. In particular, Panelists encouraged projects that focus on the importance of
hydropower for integrating variable renewables onto current U.S. electric grids.

As WWPTO further develops its Pumped Storage Hydropower portfolio, the Panelist feedback recorded herein
will contribute to the development of that strategy and the expansion of this area of work.

Table 7.3.1 lists the existing Pumped-Storage Hydropower and Integration projects that were reviewed during the
2014 Peer Review meeting. Figure 7.3.1 illustrates the standard deviation of scoring of the existing Pumped-
Storage Hydropower and Integration projects in relation to the scoring of all projects reviewed in 2014.

Table 7.3.1 Existing Pumped-Storage Hydropower and Integration projects
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Figure 7.3.1 Existing Pumped Storage Hydropower and Integration projects

Table 7.3.2 lists the new Pumped-Storage Hydropower and Integration projects that were reviewed during the
2014 Peer Review meeting. Figure 7.3.2 illustrates the standard deviation of scoring of the new Pumped-Storage
Hydropower and Integration projects in relation to the scoring of all projects reviewed in 2014.

Table 7.3.2 New Pumped-Storage Hydropower and Integration projects
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Figure 7.3.2 New Pumped-Storage Hydropower and Integration projects
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W H P 140092 B.1.1 Modeling and Analysis of Value of Advanced Pumped Storage Hydropower in the
us.

Vladimir Koritarov, Argonne National Laboratory (Lead)
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The bullets below are a compilation of comments made by individual panel members during the evaluation
of this project.

Question 1: Relevance to water industry needs and overall DOE objectives

This project earned a score of 4.5 for its Relevance to water industry needs and overall DOE objectives.

Need to promote PSH and its appropriate valuation.
e This project is highly relevant to DOE objectives of enabling the next generation pumped storage
technologies to facilitate renewable integration.
PLEXOS model shows % cost savings with PSH.
o Necessary information to help with decisions for new APSH.
Helps answer important questions.
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Question 2: Methods and Approach to performing the research and development

This project was rated 3.9 on its methods/approach.

Methods address critical questions about PSH and will provide models that represent the operation and value
of PSH under different timescales and market conditions. The result will be cost free dynamic model
components that can be integrated with any other system model. The tools also include modeling of
adjustable speed PSH, a promising technology used elsewhere in the world but not yet in the US. The
modelers and modeling methods and tools are proven and highly likely to succeed.

Strong industry advisory panel.

Advisory team was a good idea.

Question 3: Technical accomplishments and progress toward project and DOE goals

This project was rated 4.3 based on technical accomplishments and progress.

Accomplishments include modeling, data regarding the PSH technical and operational characteristics and
services and contributions; also completed were simulations of real systems and a total of 7 reports of all data
and results. Good quantity and quality of results.

Several published technical reports.

Question 4: Project Management

This project was rated 4.0 on its project management.

Question 5: Research Integration, Collaboration, and Technology Transfer

This project was rated 4.1 for research integration, collaboration, and technology transfer.

Good utilization of other DOE models/data and coordination w/other PSH projects.

This project involves labs, private companies, and an advisory board that includes most of the larger utilities,
agencies, PMAs, EPRI, NHA, etc. Seven reports have been issued and several papers. Four advisory working
group meetings were held.

Question 6: Proposed Future Research

This project was rated 3.8 for proposed future research.

Future research would align well with DOE's objectives w.r.t. PSH.
Modular and small scale PSH.

Strengths and Weaknesses

Project Strengths
¢ Need to promote PSH and its appropriate valuation.
e Very important PSH dynamical operations and market models developed and made available as well as data.
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Much was accomplished with relatively small budget. Advisory board representing most of hydro industry
and research.
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Proj

Helps answer some key questions.

ect Weaknesses
None noted.

Specific recommendations for additions or deletions to the work scope
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Keep the focus on the importance of hydro for integrating the variable renewables and the appropriate
valuation of HPS in the market.

Fund the same investigators for the proposed follow on study of small PSH.

I think this is important information as we work to integrate variable resources into the grid.

I think there would be benefit of a more focused steering committee that understand markets to directs all of
the pump storage research.
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W H P 140093 Modeling and Analysis of Value of Pumped Storage Hydro in the United States

Erik Ela, National Renewable Energy Laboratory
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The bullets below are a compilation of comments made by individual panel members during the evaluation
of this project.

Question 1: Relevance to water industry needs and overall DOE objectives

This project earned a score of 4.4 for its Relevance to water industry needs and overall DOE objectives.
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High value.

This project is relevant to DOE objectives of enabling the next generation pumped storage technologies to
facilitate renewable integration.

In addition to available capacity, modeling Pumped storage need to be driven by price volatility and hourly
shape factors.

SMUD system savings of $370K per week (~$20M per year), with existing valuation methodologies, is
insufficient to create an attractive payback period with PSH. Additional value reimbursement mechanisms
will be needed.

Critical to understanding how to integrate renewables into the grid.
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e Constraints in operating the existing Pumped storage fleet need to be represented.

e In dispatching existing Pumped storage fleet, one should adhere to owners/operators criteria and not
optimization engine results, specially transient concerns and its impact to mechanical and structural setup

e Production models should not be wired to preference adding pumped storage over using combined cycle or
combustion turbines.

¢ Results should be representative of the seasonal and locational variation.

e One should start by adding planned pumped storage capacity at their intended location on the grid before
randomly assuming new capacity.

Question 2: Methods and Approach to performing the research and development

This project was rated 4.0 on its methods/approach.

e Good idea to focus on WECC.

e Integrated portfolio approach and owners willingness to participate outside their BA and/or 1SO should be
reflected in the model.

e Clearly, explains the economic challenges of pumped storage development that will continue unless there are
changes in the existing valuation mechanisms for reliability premiums/benefits and long term avoided costs to
the system.

e Looking at lost opportunity costs, other ancillary services that have not been historically part of the U.S.
Market.

Question 3: Technical accomplishments and progress toward project and DOE goals

This project was rated 4.0 based on technical accomplishments and progress.

Key objective was to "develop a business case for new investment in PSH". Was this accomplished?

e One contribution is the modeling setup for analysis.
Avoided costs to the other assets in the system or portfolio are not adequately recognized. Production costs
are only one piece... a much larger piece is the avoidance of wear and tear expenses to other assets in the
system fleet and their shortened life expectancy resulting from cyclic operation.

Question 4: Project Management

This project was rated 4.0 on its project management.
e No comments.

Question 5: Research Integration, Collaboration, and Technology Transfer

This project was rated 3.8 for research integration, collaboration, and technology transfer.
e Good integration w/ other PSH projects. Good collaboration with stakeholders.

o Excellent collaboration and apparent use of industry advisory group.

e Can be applied to other control areas.

Question 6: Proposed Future Research

This project was rated 3.4 for proposed future research.
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e NA - project completed.

Strengths and Weaknesses

Project Strengths

o Need to promote PSH and its appropriate valuation.
o Helps answer some key guestions.

Project Weaknesses
e Final Report not available.

Specific recommendations for additions or deletions to the work scope

o Keep the focus on the importance of hydro for integrating the variable renewables and the appropriate
valuation of HPS in the market.

e Avoided costs to the other assets in the system or portfolio are not adequately recognized. Production costs
are only one piece... a much larger piece is the avoidance of wear and tear expenses to other assets in the
system fleet and the shortened life expectancy resulting from cyclic operation.

e Don't say you have a final report when you have a draft.

o High value to "make the business case for new investment in PSH".
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The bullets below are a compilation of comments made by individual panel members during the evaluation
of this project.

Question 1: Relevance to water industry needs and overall DOE objectives

This project earned a score of 3.1 for its Relevance to water industry needs and overall DOE objectives.

e Appropriate to select an advanced/probable HPS project and support its success -- need to build a new HPS

e Although the geotechnical challenges of developing PSH are an issue, this part of the study aligns with DOE's
objectives only marginally. The modeling study aligns with the goal of enabling the next generation pumped
storage technologies to facilitate renewable integration. The study has more specific than general project
implications.

e The study results are underestimating the value of PSH assets, especially in CA, assuming that SMUD is
allowed to offer AS into CAISO.
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Project improves the understanding of existing value streams credited to pumped storage. Estimated savings
of $53M per year, with existing valuation methodologies, would make payback of building PSH quite
challenging.

Adjustable speed turbine provides 65% more savings in high wind penetration over fixed speed turbines.
Please validate your model results using historical LMP for a specific node near a load pocket, as average
prices will normalize peaks and dips, which are the basis for PSH dispatch.

One should be careful in publishing findings from models that are not designed to discover the actual value
and need of PSH, especially in the context of renewable integration. As this will send the wrong message on
the actual future need for PSH installations.

Question 2: Methods and Approach to performing the research and development

This project was rated 3.5 on its methods/approach.

The value stream modeling approach addressed the key questions about integrating renewables, variable vs.
fixed speed, and effects on the thermal system. The results provide useful information. The analysis, using
plexos, seems well conceived and well executed. The geotech analysis is not as clear as to the methodology.
Subsidizing the geotechnical exploration as part of a demonstration project does not have great transferability
for the R&D program but the value stream analysis should be useful.

Question 3: Technical accomplishments and progress toward project and DOE goals

This project was rated 3.5 based on technical accomplishments and progress.

The geotechnical part of the project is delayed; the model part is completed.
Good progress on value stream analysis and initial borings.

Question 4: Project Management

This project was rated 3.6 on its project management.

No comments.

Question 5: Research Integration, Collaboration, and Technology Transfer

This project was rated 3.0 for research integration, collaboration, and technology transfer.

Taking good advantage of lessons learned on other recent PSH projects abroad.

Question 6: Proposed Future Research

This project was rated 2.7 for proposed future research.
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Makes sense to nudge this project forward.
Funding for the geotechnical part of the project should be carefully monitored; cost overruns probable.
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Strengths and Weaknesses

Project Strengths

e SMUDs unique circumstances make this one of the highest probability HPS projects.
e This study could result in deployment of a new PSH unit. Modeling analysis indicates significant benefits.
o Met purpose of accelerating ongoing pump storage development.

Project Weaknesses

e The geotech part of project is behind schedule, of uncertain cost, and not central to DOE objectives.
o Benefit fairly limited to SMUD.

Specific recommendations for additions or deletions to the work scope

o Emphasize the unigue set of circumstances that add value to this project and helped it get selected.
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W H P 140095 8.1.2 Optimization of Pumped Storage Hydro Operation in Real Time Markets NEW

Vladimir Koritarov, Argonne National Laboratory (Lead)
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The bullets below are a compilation of comments made by individual panel members during the evaluation
of this project.

Question 1: Relevance to water industry needs and overall DOE objectives

This project earned a score of 4.5 for its Relevance to water industry needs and overall DOE objectives.

High value project.

Highly relevant - how much value can come from optimization of PSH.

The study results are underestimating the value of PSH assets, especially in CA.

Project may provide insight into why pumped storage is often undervalued in de-reg markets and how market
drivers unintentionally encourage suboptimization of pumped storage performance.

o Please validate your model results using historical LMP for a specific node near a load pocket, as average
prices will normalize peaks and dips, which are the basis for PSH dispatch.
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e One should be careful in publishing findings from models that are not designed to discover the actual value
and need of PSH, especially in the context of renewable integration. As this will send the wrong message on
the actual future need for PSH installations.

Question 2: Methods and Approach to performing the research and development

This project was rated 3.9 on its methods/approach.

e Too DOE/Nat’l lab - centric. Utilize results of other studies and involve industry stakeholder, including
PSERC.

e Compares traditional operation with optimized operation of PSH in DA and RT markets using a production
cost model with sub-hourly timestep for the optimized case. This is a good, useful approach.

Strengths and Weaknesses

Project Strengths

e Animportant topic for better utilization of PS.

o Good method defined and will answer important questions about potential value of PSH.

e Involved Colorado Springs Utilities as a real life test of a small but diverse system.

e Possible direct benefit to the knowledge stream on Mt. Elbert PSH since they are one of the resources for

Colorado Springs Utilities.

Project Weaknesses
e Uncertain if system operators will adopt the results of study.

Specific recommendations for additions or deletions to the work scope

o Keep the focus on the importance of hydro for integrating the variable renewables and the appropriate
valuation of HPS in the market.

e Same comment. Need a focused steering committee to keep them going in the needed direction and answer
the right questions.
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W H P 1 400 9 6 Real Time Market Analysis NEW

Erik Ela, National Renewable Energy Laboratory
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The bullets below are a compilation of comments made by individual panel members during the evaluation
of this project.

Question 1: Relevance to water industry needs and overall DOE objectives

This project earned a score of 4.4 for its Relevance to water industry needs and overall DOE objectives.

e High value project.

e This aligns well with DOE's objectives of enabling the next generation pumped storage technologies to
facilitate renewable integration. In particular it looks to break through the limitations of traditional PSH
market behavior to arrive at a new optimized behavior.

e Project could assist in understanding current valuation processes. Different time resolutions show these units
are being used for load regulation as well as load following.
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Question 2: Methods and Approach to performing the research and development

This project was rated 4.0 on its methods/approach.

e Utilizes results of other studies and involves many stakeholders, including PSERC.

e NREL will subcontract the development of the modeling algorithm to PSERC (ASU and Wichita State U) for
the development. This will presumably make the development more efficient.

Strengths and Weaknesses

Project Strengths

e An important topic for better utilization of PS.

e Developing an algorithm to address a problem that can help PSH to realize greater value. These types of
projects are of great value and worthwhile for DOE to fund. Continued development of mathematical models
to represent the hydro/market system are recommended as these provide tools much needed to establish actual
benefits and guide in efficient operations.

¢ Information that you are trying to use to schedule PSH may be wrong but the decisions you make based on
that wrong data impacts what you can do later in real time.

Project Weaknesses
e Uncertain if system operators will adopt the results of study.

Specific recommendations for additions or deletions to the work scope

e Keep the focus on the importance of hydro for integrating the variable renewables and the appropriate
valuation of HPS in the market.
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7.4  Market Acceleration and Deployment

The Water Power Program works to reduce the time and costs associated with permitting hydropower projects; to
better quantify the potential magnitude, costs, and benefits of hydropower generation; and to identify and address
other barriers to hydropower deployment. The program is currently assessing the potential size of the nation's
hydropower resources, including the potential for generating capacity additions at existing hydropower facilities
and non-powered dams, as well as the potential for new low-impact and small hydropower generation, designing,
developing, and testing new ways of reducing the environmental effects of hydropower, and working to quantify
the benefits of effective and cost-competitive hydropower technologies.

Addressing Comments for Market Acceleration and Deployment

The Hydropower Peer Review Panelists recorded many useful and actionable comments during their review of the
Office’s Market Acceleration and Deployment projects. These comments will be used to make key decisions and
recommendations to those projects that will receive continued funding into future fiscal years, and will help guide
Water Power Program decision making and strategy into the future.

The majority of the Hydropower Market Acceleration and Deployment activities were well received by the
Panelists. Of particular note was the Sensor Fish project, which reviewers encouraged the program to bring to the
manufacturing stage.

Most of the constructive feedback received from Panelists was in relation to the proprietary nature of certain
information and whether or not this information could be distributed in some capacity to the broader industry. In
addition, questions of broader national applicability were raised regarding several of the projects that have a
specific regional focus. The Market Acceleration and Deployment activities are intended to provide intrinsic value
to the Hydropower industry at large; working with proprietary information complicates this value to some extent,
as the data is unavailable for dissemination. In addition, regional variations in the scheduling of hydropower also
affect the extent to which certain research can have broader applicability. WWPTO will, in the future, more fully
consider the broader applicability of projects along with the transfer of information to the industry at large during
the proposal phase of future work.

Table 7.4.1 lists the existing Market Acceleration and Deployment projects that were reviewed during the 2014
Peer Review meeting. Figure 7.4.1 illustrates the standard deviation of scoring of the existing Market
Acceleration and Deployment projects in relation to the scoring of all projects reviewed in 2014.

Table 7.4.1 Existing Market Acceleration and Deployment Hydropower projects

2 < =
[= o 4] (%)
) * o S & ©
s E e & 2
o £ 2 29 > &
Q ‘d-.; a 2 © §° [0
2 E &§ 2 3
S S = 5
< 3 w
[t

328




U.S. DEPARTMENT OF Energy Efﬂciency &

ENERGY | Rrenewable Energy Hydropower Panel Results and Project Evaluations
Sensor Fish Z. Daniel Pacific Northwest 6.0 WA 46 45 4.6 46 45
Deng National
Laboratory
Hydropower Fellowship Program Deborah Hydro Research 5.0 43 43 43 44 338 H
Linke Foundation
Turbine aeration design software for John Regents of the 6.0 42 42 39 42 4.1 NE
mitigating adverse environmental Gulliver University of
impacts resulting from conventional Minnesota
hydropower turbines
Water Quality Modeling Improvements Boualem Oak Ridge National | 6.0 40 41 38 43 4.0 H
at Columbia and Cumberland River Basins | Hadjerioua | Laboratory
The Basin-Scale Opportunity Assessment = Mark Oak Ridge National # 6.0 f¢&E 39 37 36 35 3.1
(BSOA) Initiative Bevelhimer | Laboratory
The Basin-Scale Opportunity Assessment | Simon Pacific Northwest 5.0 40 3.7 34 31 34
(BSOA) Initiative Geerlofs National
Laboratory (Lead)

329




U.S. DEPARTMENT OF Energy Efﬁciency &

ENERGY | Rrenewable Energy Hydropower Panel Results and Project Evaluations

Standard Deviations from Review Average
Performance x-axis [ Relevance y-axis

Existing Projects - Market Acceleration
(Hydro) R=070

3o

20

Figure 7.4.1 Existing Market Acceleration and Deployment projects

Table 7.4.2 lists the new Market Acceleration and Deployment projects that were reviewed during the 2014 Peer
Review meeting. Figure 7.4.2 illustrates the standard deviation of scoring of the New Market Acceleration and
Deployment Hydropower Projects in relation to the scoring of all projects reviewed in 2014.

Table 7.4.2 New Market Acceleration and Deployment Hydropower projects

Relevance
Methods

Weighted Average

Biological Design Criteria for New Hydropower | Gary Pacific Northwest 6.0 PSS 4.2
Turbines NEW Johnson National Laboratory
Hydropower Workforce and Jay Navigant 5.0
Education/Training Needs Assessment NEW Paidipati

Annual Hydropower Market and Trends Rocio Uria- = Oak Ridge National 5.0

i
(o]

s e
[ ]

Report NEW Martinez Laboratory
Biological Design Criteria for New Hydropower | Mark Oak Ridge National 6.0
Turbines NEW Bevelhimer | Laboratory

3.9
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Figure 7.4.2 New Market Acceleration and Deployment Hydropower projects
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WHP140082

Z. Daniel Deng, Pacific Northwest National Laboratory
WHP140082
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The bullets below are a compilation of comments made by individual panel members during the evaluation
of this project.

Question 1: Relevance to water industry needs and overall DOE objectives

This project earned a score of 4.7 for its Relevance to water industry needs and overall DOE objectives.

e A good companion to live fish studies.

e This project is highly relevant to the objectives of reducing deployment barriers and environmental impacts.

e As the Sensor fish device get further developed for low head applications, it would be good to develop similar
more compact devices for fish screened pump applications.
I see this as a perfect research project that only DOE could fund but that is very relevant to the industry

e Aids in reducing deployment barriers.
This is a shining example of research leading to a solution to a costly issue for existing projects as well as
new projects.
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The sensor fish device has unlimited potential in helping improve environmentally friendly design and
performance in hydraulic structures and hydropower installations.

Reduces cost and time to develop fish friendly turbines.

What | like about this is it addresses a real need of being able to determine impacts to fish from hydropower
but does that while trying to keep cost and time investment to a minimum.

Question 2: Methods and Approach to performing the research and development

This project was rated 4.6 on its methods/approach.

The approach is systematic and includes testing and procurement. The new device is more robust and cost
effective.

I like he approach. Appears to be well thought out.
Involved the redesign of a previous sensor. Followed a five-step, logical process to move from identifying
the range of applications to prototype testing of the new sensor.

Question 3: Technical accomplishments and progress toward project and DOE goals

This project was rated 4.5 based on technical accomplishments and progress.

Design, prototypes and laboratory testing accomplished. Ice Harbor Dam testing upcoming.

I think holding the cost down to $1000 per sensor fish is pretty amazing, delivering clearly tangible results for
the project.

Design features met the original technical targets.

Question 4: Project Management

This project was rated 4.6 on its project management.

Finished ahead of schedule, delivered tangible results that will clearly benefit the industry.
Project was on schedule and completed.

Question 5: Research Integration, Collaboration, and Technology Transfer

This project was rated 4.6 for research integration, collaboration, and technology transfer.

Much interest in this product in foreign countries as well as DOE partners.
Technology transfer to small business to continue future manufacturing.
Final article/report due in a couple of weeks.

Question 6: Proposed Future Research

This project was rated 4.5 for proposed future research.

Could be applied to many structures/facilities; i.e., small hydro, irrigation, pumps, spillways.

Strengths and Weaknesses

Project Strengths
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Good value information - strong compliment to live fish data.

Highly useful and cost effective technology, demonstrated by wide interest. Likely to be of great use for
environmental analysis.

Very useful research to promote understanding and problem solving for one of hydro's greatest environmental
challenges.

o Positive results for relatively low cost.

e Itisasuccess on a very challenging issue.

e Solid improvements to earlier model.

o Practical application that has successfully been moved from research to implementation.
Project Weaknesses

Need to recover the sensor fish to extract the data.
No notable weaknesses.
Hard to see anything that could be improved.

Specific recommendations for additions or deletions to the work scope
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Get it to commercial production ASAP to reduce production costs.

Follow up on future use and benefits of this product.

Very impressive, results oriented project.

Worthy of a special feature video/YouTube, to show what DOE accomplished and how DOE and hydro
industry addresses complex issues.
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W H P 140083 Turbine aeration design software for mitigating adverse environmental impacts
resulting from conventional hydropower turbines

John Gulliver, Regents of the University of Minnesota
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The bullets below are a compilation of comments made by individual panel members during the evaluation
of this project.

Question 1: Relevance to water industry needs and overall DOE objectives

This project earned a score of 4.0 for its Relevance to water industry needs and overall DOE objectives.

e High probability of valuable results.

e The objectives are related to environmental impacts of hydropower.

e Good research aimed at improving aquatic habitat by new aeration approach. May not be needed in all areas
of the country.

o D.O. improvement from hydropower discharges.

e This project supports research on bubble size and gas transfer at a laboratory water tunnel to simulate DO
uptake in draft tubes and tailraces. It provides information that is impossible to observe in full-scale draft

335




U.S. DEPARTMENT OF Energy Efﬂciency &

ENERGY  renewable Energy Hydropower Panel Results and Project Evaluations

tubes. It is a unique facility for laboratory-scale testing of draft tube aeration, the most common aeration
approach for hydropower projects.

o Helps remove barriers to development.

e Already being implemented with industry (Alstom) to improve turbine performance.

Question 2: Methods and Approach to performing the research and development

This project was rated 4.2 on its methods/approach.

Significant and detailed design and evaluation of code.

Impressive combination of computer modelling and hydraulic lab verification of results.

Testing in their own test stand (water tunnel).

While it is the best facility available for such studies, bubble coalescence apparently does not occur as it is
suspected to occur in actual draft tubes. However, gas transfer at the early stages of gas bubble formation and
transport may be represented by the SAFL facility.

Question 3: Technical accomplishments and progress toward project and DOE goals

This project was rated 4.2 based on technical accomplishments and progress.

Very good proves!

Search for a low cost opportunity to improve dissolved oxygen is in line with industry and DOE goals.
Numerical code results closely matched actual D.O. measurements.

Early model simulations are reasonable. Bubbles sizes are likely similar to those bubbles that first form as
air is aspirated into the water.

Question 4: Project Management

This project was rated 3.9 on its project management.

e Looks to be well managed with experienced PI's that understand the need for numerical modelling being
paired with actual field data.

o Complete end of March 2015, delayed due to proprietary issues with Alstom.

Question 5: Research Integration, Collaboration, and Technology Transfer

This project was rated 4.2 for research integration, collaboration, and technology transfer.
e Good cost sharing model.

Question 6: Proposed Future Research

This project was rated 4.1 for proposed future research.

e Assists in predicting the efficacy of aeration methods and devices.
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Strengths and Weaknesses

Project Strengths

e Anissue of increasing importance. Project has good prospect for improving environmental performance.

e Detailed technical analysis and development of model will provide data needed for designing aeration
equipment.

Impressive consortia of academic research and turbine manufacturing.

Trying to determine the physics of two phase bubble flows with mass transfer.

Research is being conducted at a laboratory that has significant experience with this type of research.
Software can be generally applied.

Well recognized lab.

Code substantiated with physical measurement.

Project Weaknesses

The project should consider the usability of code - how it will or can be made available to designers.
Geometry of foil is not the same as real world geometries.

No analysis of impacts to efficiency.

Federal funds going toward a proprietary product for a specific vendor.

Draftube effects are not addressed.

Specific recommendations for additions or deletions to the work scope

e Does evaluation of bubble patterns and development of code have other applications in flow dynamics?
Improved efficiency? Reduced cavitation?
o Need to separate the proprietary part from federal funding.
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W H P 140084 Water Quality Modeling Improvements at Columbia and Cumberland River Basins

Boualem Hadjerioua, Oak Ridge National Laboratory
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The bullets below are a compilation of comments made by individual panel members during the evaluation
of this project.

Question 1: Relevance to water industry needs and overall DOE objectives

This project earned a score of 4.3 for its Relevance to water industry needs and overall DOE objectives.

A useful tool and fairly low-cost to complete.
o Highly relevant to addressing environmental impacts of hydropower and optimizing existing hydropower
technology, flexibility, and/or standards.
Predictive DO and TDG mathematical modelling could be helpful for many hydro generators.
¢ Removing barriers to continued operation of existing facilities on a system-wide basis.
Optimizing existing hydropower.
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e This project addresses water quality management issues on major existing hydropower river systems that are
affected by reservoir operations. The two issues addressed are common: provision of river flow for
assimilating thermal loads from power plants, and alleviating TDG levels downstream from spill operations.
Reservoir models can be run on these systems to make water management decisions, but these often require
too many model runs, taking too much time to optimize hydropower operations. This project is developing
supplemental mathematical approaches that can be run much faster for optimization decisions that can
minimize water use and off-peak generation for alleviation of water quality concerns.

Question 2: Methods and Approach to performing the research and development

This project was rated 4.0 on its methods/approach.

e Seems appropriate.

e The technical approach is solid in terms of understanding and characterizing the physical processes and
addressing how to represent these processes mathematically in operations/scheduling tools that allow optimal
use of hydro resources while meeting the water quality constraints.

e Models appear to be well synced up with actual field data.

e End result to come up with a ready to use real-time scheduling tool.

e Shows proof of supplemental models successfully representing Temperature and TDG at study sites.

Question 3: Technical accomplishments and progress toward project and DOE goals

This project was rated 4.1 based on technical accomplishments and progress.

o Good progress. Will approach be applicable to other basins?
Developed and delivered models to operators, developed the TDG constraint database and documented
approach. Appears that TDG modeling and report are a bit behind schedule.

e Would like to see the hydro operator's (end-user) process for how this is actually used in the field for decision
making.

o Corps is happy with results.

Question 4: Project Management

This project was rated 3.8 on its project management.

e On schedule.
e Approx. $630 K.

Question 5: Research Integration, Collaboration, and Technology Transfer

This project was rated 4.3 for research integration, collaboration, and technology transfer.
e Wide range of research, academia and agencies.

e Multiple universities engaged with educational side benefits/dissertations. Also several papers to share results.
e see presentation: reasonable next steps.
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Question 6: Proposed Future Research

This project was rated 4.0 for proposed future research.

e May not have applicability to all hydro producers but could be an advance for those with DO or TDG issues.
e Need to work on how to get these integrated into real-time optimization like the optimization tool set.

Strengths and Weaknesses

Project Strengths

o Will provide tools that can be used by hydro operators to increase efficiency, i.e., get more hydro out of the
system without risk of environmental violations.

e Helps preplan flows on the system to minimize negative impacts and maximize positive impacts

e If successful, an important tool for dispatchers.

o Critical to the efficient optimization of the Columbia system.

Project Weaknesses

e Hard to reduce complexity sufficiently to integrate with other dispatch considerations.
e Can't be pulled into real-time yet.

Specific recommendations for additions or deletions to the work scope

e Include recommendations on how to integrate with other tools used for dispatch decisions.

e Continue to pursue the dynamic real-time solution that can be implemented at the facility level.

e | suggest cost-share funds be sought or possibly required from the reservoir operations organizations since |
suspect they benefit from these savings in operations.
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The bullets below are a compilation of comments made by individual panel members during the evaluation
of this project.

Question 1: Relevance to water industry needs and overall DOE objectives

This project earned a score of 4.4 for its Relevance to water industry needs and overall DOE objectives.

measurements.

including the fish screens.
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Mostly valuable in concert with other related projects, expensive.
This new project is relevant DOE's objective of addressing the environmental impacts of hydropower
Great opportunity to further develop the sensor fish and develop CFD model that get validated thru real

One of the greatest challenges for hydro remains the understanding and mitigation of impacts to fish.
Removes barriers to development by improving the biological design for new hydroturbines.
Bio turbine design--appears to be a very good approach for a complex issue.
Other applications should be considered beside the low head hydro to include pumping station intakes
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It is good to think about these things ahead of time and get environmental aspects incorporated up front
providing guidance to buyers of turbines and the turbine manufacturer, assisting Grant County

Developing a methodology/design criteria may be considered for the different application of the concept
presented here.

Improved turbine performance and fish performance are going hand and hand BioPA.

Products: software for assisting manufacturing, buyers; BioPA's are available to users; packages of info and
specs and relationships for Bio PA's; reduce uncertainty for decision makers; reducing field studies needed to
what's needed specifically; vendors know what they are bidding on etc. better understand thru “standards" for
"guarantying” what they can deliver by focusing on specs that are definable for meeting requirements;

They use their data for developing the BioPA's.

Question 2: Methods and Approach to performing the research and development

This project was rated 4.2 on its methods/approach.

Good use of existing data.

The project will leverage previous work; it is relevant by identifying combinations of turbines and fish that
are common. Also will use a database of environmental regulations. This introduces the notion of putting
biological requirements into turbine specs.

Ability to predict fish impacts before turbine is installed would be an impressive step forward.

$1.5 million.

Strengths and Weaknesses

Project Strengths

An important issue in some regions.
Many partners. Combines models/design aids and data to develop performance criteria for turbines; will
obviate need for extensive field studies. Creates a tool that can be applied to assess any turbine.

o | like starting out with a literature review so as to limit duplication of effort.

e They are applying what they have learned through experience up to this point.

o Hydraulic performance seems to be improving as fish passage is increasing.

e Puts tools in hands of turbine manufacturers and published report delivered. Meshes with the sensor fish.
Project Weaknesses

Not a key issue in many regions.

Specific recommendations for additions or deletions to the work scope
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Very important to get buy-in of turbine manufacturers.

Could expand analysis of fish passage issues to undeveloped areas that could help developers.
Back end feeds into the front end worries me.

Good as long as we keep performance and efficiency in mind.

I like this project.
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W H P 140086 Biological Design Criteria for New Hydropower Turbines NEW

Mark Bevelhimer, Oak Ridge National Laboratory
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The bullets below are a compilation of comments made by individual panel members during the evaluation
of this project.

Question 1: Relevance to water industry needs and overall DOE objectives

This project earned a score of 4.1 for its Relevance to water industry needs and overall DOE objectives.

e Good information, valuable in concert with other projects, expensive.

e This new project is relevant DOE's objective of addressing the environmental impacts of hydropower.

e This effort has great deal of application in mitigating environmental impacts at specific sites and provide the
information needed to optimize operations.

¢ Understanding and mitigating fish impacts are critical to future hydro sustainability.

o Complements project WHP140085 by PNNL.
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Question 2: Methods and Approach to performing the research and development

This project was rated 3.9 on its methods/approach.

Approach of matching species susceptibility and turbine types and focusing on high risk areas is spot on

The approach is multi-faceted: it includes a spatial database, a traits-based information system, and a fish
effects modeling effort. It is not clear exactly how the data will be used and by whom and how these
independent products can be used together.

Goal is to be able to develop numerical predictions of fish impacts rather than need to do exhaustive field
studies.

Updating biological design criteria for new turbine types and more fish species. Employing a traits-based
approach using relevant biological characteristics to infer sensitivity to turbine passage stressors. Conducting
a spatial analysis regarding fish passage issues using data from FERC in NHAAP and contacting regulatory
and resource agencies.

Good use of existing data.

Not sure if traits based approach can provide 100% conclusive data for those that might have preconceived
notions that would not agree with and accept this approach.

He will use fish trait information to provide a broader interpretation of biological effects based on measured
(SF) and modeled (CFD) physical conditions. (In collaboration with PNNL).

He will develop a fish effects model that will use time series of stressor exposure as predicted by CFD
modeling and SF observations to predict probability of injury and mortality for a variety of turbine conditions
and designs. (In collaboration with PNNL).

Strengths and Weaknesses

Project Strengths

A reasonable approach with high probability of success.

Reduces uncertainty of impacts.

Project Weaknesses

None given.

Specific recommendations for additions or deletions to the work scope
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Keep focus on highest value areas to control costs.
Important to get buy-in of turbine manufacturers.
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W H P 140087 The Basin-Scale Opportunity Assessment (BSOA) Initiative

Simon Geerlofs, Pacific Northwest National Laboratory (Lead)
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The bullets below are a compilation of comments made by individual panel members during the evaluation
of this project.

Question 1: Relevance to water industry needs and overall DOE objectives

This project earned a score of 4.0 for its Relevance to water industry needs and overall DOE objectives.
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Great concept but limited applicability -- only those basins where broad consensus of stakeholders want the
assessment.

Any opportunity must be very carefully targeted since complex issues exist in many basins that would be
difficult to resolve without a lot of acrimony and legal wrangling.

Highly supported by many stakeholders. NHA, American Rivers.

I think the overall approach is sound. However, I did not see how water quality was considered. If only the
303d list was considered, than much more needs consideration, i.e., drinking water supplies, NPDES permits,
WLAs (wasteload allocations involving water quality modeling for significant distances involving upstream
as well as downstream from NPDES permits), changes in water quality caused by the new dams and hydro
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added to NPDs. Also, it would be best to consider new hydro and hydro added at NPDs in light of
requirements for 401 Certificates. In some states, nutrients and eutrophication may be a consideration.

In many basins there would be serious downside risk to non-federal hydro operators with limited upside
benefit.

If the basin's assets are not under the control of one owner, this could be very problematic.

Please see comments made on WHP140069 in answer to Q1 and Q2.

Has a lot of similarities to the very expensive and arduous FERC re-licensing process for utility owned hydro
assets.

Basin plans can be good, but it takes effort, energy, a basis (usually a legal basis like the Clean Water Act)
and motivation. Water users/WTPs/WWTPs/industrial development/land owners often have significant
inputs/requirements, and are reluctant to change the status quo etc.

I suspect success will be more likely in undeveloped basins where hydro development plans might be
acceptable to land owners.

Question 2: Methods and Approach to performing the research and development

This project was rated 4.0 on its methods/approach.

Generally good. Need to emphasize screening criteria for applicability to a basin.

While the cumulative cost of this project appears to be approaching $5M, it may be quite limited in
applicability for various reasons.

Great stakeholder involvement.

The approach is logical and takes advantage of NHAAP. However, | have a concern re: water pollution
control agency involvement, EPA, wastewater discharges?

It would be helpful if stakeholders were identified. 3-6 months for Phase 2 Stakeholder engagement is a
relatively short period of time. For example, FERC relicensing can take a few years for one project.

Question 3: Technical accomplishments and progress toward project and DOE goals

This project was rated 3.7 based on technical accomplishments and progress.

Solid demonstration in Deschutes basin shows the methodology.

It is impressive to see how much could be accomplished is such short time. However, the states and EPA
have identified water uses for all waterways in the USA, and these will need to be considered, with legal
implications.

Question 4: Project Management

This project was rated 3.4 on its project management.

Stayed relatively on scope and on budget but not on schedule.

Question 5: Research Integration, Collaboration, and Technology Transfer

This project was rated 3.1 for research integration, collaboration, and technology transfer.
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Based on, and requires good collaboration.
Results have not been well communicated.
Good integration of other tools.
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Question 6: Proposed Future Research

This project was rated 3.4 for proposed future research.

Not sure if this needs much more development. Useful as a tool in the toolbox when it’s the right tool to use
While interesting to talk about these basin scale opportunities for new generation, limited applicability and
legal difficulties make it challenging to advance this project more widely.

Quick assessment tool will be beneficial for assessment of other basins.

Strengths and Weaknesses

Project Strengths

Strong concept and very valuable under the right circumstances.

Brought stakeholders together and identified new hydropower opportunities.

DOE and the labs have much technical capability and NHAAP and NSD allows them to assess basin
situations quickly.

Potential to get stakeholders to think more broadly and seek win-win solutions.

Water users on the Reclamation project were happy with the results.

May identify high value, doable opportunities that would have gone un-identified.

Project Weaknesses

FERC will not approve off-site mitigation. I've tried.

Appears to be lacking action plans to capture the identified opportunities.

Communication of progress and results to decision makers was largely ineffective.

State water quality agencies do not appear to be engaged and water use classifications do not appear to be
included in the basin analyses.

If forced on an inappropriate basin, could do more harm than good.

Phase one only identifies possible hydropower and environmental opportunities, it does not give any
indication of the value, need or interest in those opportunities.

Does not consider economic feasibility of opportunities to increase generation.

Specific recommendations for additions or deletions to the work scope
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Highlight screening criteria for applicability to a given basin, especially known development opportunity and
positive stakeholder relationships.

Think this is a good start at trying to get to a place where hydropower development and environmental
attributes can be improved simultaneously.

As discussed above, water quality needs to be more thoroughly addressed.

May be more applicable for federal hydro as a tool to drive Congressional authorization and appropriation
Improve communication of results.

Recommend wrapping it up (after completing the 3 basins) as a ready-to-use tool for future application where
appropriate.
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The bullets below are a compilation of comments made by individual panel members during the evaluation
of this project.

Question 1: Relevance to water industry needs and overall DOE objectives

This project earned a score of 4.1 for its Relevance to water industry needs and overall DOE objectives.

e Great concept but limited applicability -- only those basins where broad consensus of stakeholders want the
assessment.

e This new project is relevant DOE's objective of addressing the environmental impacts of hydropower
Good effort to show what is possible with addition of hydro but lacks action plan or recommendation as to
how to implement. Can be extremely difficult to achieve consensus when basin has multiple asset owners.
Without further push, could become another study on the shelf.

¢ | think the overall approach is sound. However, I did not see how water quality was considered. If only the
303d list was considered, than much more needs consideration, i.e., drinking water supplies, NPDES permits,
WLAs (wasteload allocations involving water quality modeling for significant distances involving upstream
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as well as downstream from NPDES permits), changes in water quality caused by the new dams and hydro
added to NPDs. Also, it would be best to consider new hydro and hydro added at NPDs in light of
requirements for 401 Certificates. In some states, nutrients and eutrophication may be a consideration.

e In many basins there would be serious downside risk to non-federal hydro operators with limited upside
benefit.

e Analyses of national databases from a distance - ranked a few hundred basins and Roanoke and Connecticut
were high.

e Please see comments made on WHP140069 in answer to Q1 and Q2.

Question 2: Methods and Approach to performing the research and development

This project was rated 3.9 on its methods/approach.

Generally good. Need to emphasize screening criteria for applicability to a basin.

e This approach is effective in identifying different levels of basin assessment; which can be incrementally
applied or applied independently; the scenario approach to stakeholder involvement has proven to be
effective. The assumption of win-win (shared opportunities) is the most promising approach to bringing
together groups with traditionally conflicting points of view.

e The approach is logical and takes advantage of NHAAP. However, | have a concern re: water pollution
control agency involvement, EPA, wastewater discharges?

o It would be helpful if stakeholders were identified. 3-6 months for Phase 2 Stakeholder engagement is a
relatively short period of time. For example, FERC relicensing can take a few years for one project.

Question 3: Technical accomplishments and progress toward project and DOE goals

This project was rated 3.7 based on technical accomplishments and progress.

o Formulated the procedures for rapid assessment, collected data and applied to two basins. The Phase 2
analysis has been proposed but no proof of concept yet.

e It is impressive to see how much could be accomplished is such short time. However, the states and EPA
have identified water uses for all waterways in the USA, and these will need to be considered, with legal
implications.

Question 4: Project Management

This project was rated 3.6 on its project management.

e The project appears to be on schedule, but only 45% of the budget has been spent and there is only 6 months
left of the project. The remaining tasks do not appear to be costly, so it is not clear how the funding will be
spent.

Question 5: Research Integration, Collaboration, and Technology Transfer

This project was rated 3.5 for research integration, collaboration, and technology transfer.

e Based on, and requires good collaboration.

e This is a project for which collaboration could have happened, but PNNL has collaborated only with USACE
and not in a major way.

e Good integration of other tools.
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Question 6: Proposed Future Research

This project was rated 3.1 for proposed future research.

Not sure if this needs much more development. Useful as a tool in the toolbox when it’s the right tool to use.

Strengths and Weaknesses

Project Strengths

Strong concept and very valuable under the right circumstances.

DOE and the labs have much technical capability and NHAAP and NSD allows them to assess basin
situations quickly.

Potential to get stakeholders to think more broadly and seek win-win solutions.

May identify high value, doable opportunities that would have gone un-identified.

Project Weaknesses

FERC will not approve off-site mitigation. I've tried.

State water quality agencies do not appear to be engaged and water use classifications do not appear to be
included in the basin analyses.

If forced on an inappropriate basin, could do more harm than good.

Does not consider economic feasibility of opportunities to increase generation.

Specific recommendations for additions or deletions to the work scope
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Highlight screening criteria for applicability to a given basin, especially known development opportunity and
positive stakeholder relationships.

More basin assessment projects should be considered and designed to deal with issues not as complex as
Deschutes, but more so than the rapid assessment cases of Roanoke. Stakeholder participation would be
informative to the process. A study of basin assessments done by others and a set of guidelines that extend the
methodology and lessons learned report that will be written for this project.

As discussed above, water quality needs to be more thoroughly addressed.

May be highly applicable for federal hydro as a tool to drive Congressional authorization and appropriation.
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W H P 1 400 8 9 Hydropower Fellowship Program

Deborah Linke, Hydro Research Foundation
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The bullets below are a compilation of comments made by individual panel members during the evaluation
of this project.

Question 1: Relevance to water industry needs and overall DOE objectives

This project earned a score of 4.3 for its Relevance to water industry needs and overall DOE objectives.

e One of the best projects DOE has funded.

o Highly relevant to DOE objectives - brings hydropower expertise. Coordinate research topics with industry.

e Great program to stimulate interest in the hydropower discipline, and engage industry and universities in
collaborative research.
Very important to sustainability of hydro industry workforce long term.

e Funded 43 researchers 19 entering workforce.
Universities have different structures in expending research funding, and there is a need to examine how the
funds will be expended before awards.
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Question 2: Methods and Approach to performing the research and development

This project was rated 4.3 on its methods/approach.

e Would be good to tie areas of research to DOE's areas of research.

e Provides graduate level fellowships to students in universities; each student is assigned collaboration with an
industry rep, and participation in conferences is highly effective. The Fellowship structure insured that the
students receive most of the funds. This program has proven to be highly successful.

¢ If funding shifts more to university research, watch out for a bigger portion going to university overhead.

Question 3: Technical accomplishments and progress toward project and DOE goals

This project was rated 4.3 based on technical accomplishments and progress.

e The project has graduated a large number of grad students with high levels of hydropower expertise.
e Demonstrated successful program.

Question 4: Project Management

This project was rated 4.3 on its project management.
e Well organized and managed.

Question 5: Research Integration, Collaboration, and Technology Transfer

This project was rated 4.4 for research integration, collaboration, and technology transfer.

e Collaboration with universities and hydro industry, linking students with industry mentors. All students
present at Hydrovision. Most students publish peer reviewed journal papers as well as their theses.

e Excellent collaboration with multiple universities and several companies providing mentors and internships.

Question 6: Proposed Future Research

This project was rated 3.8 for proposed future research.

Tie-in to DOE's areas of research.

e Provides graduate level fellowships to students in universities; each student is assigned collaboration with an
industry rep, and participation in conferences is highly effective. The Fellowship structure insured that the
students receive most of the funds. This program has proven to be highly successful. Recommended that the
program be continued however possible.

e NA program not funded going forward.

Strengths and Weaknesses

Project Strengths

e Great way to build future hydro leaders and to draw in universities.

o Excellent effort on the education front to help with sustainability of hydro workforce and also perform
research through the university systems.

e Has resulted in 75% placement rate within hydropower.
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Project Weaknesses

e End of DOE funding?
e Does not address real need in hydropower workforce which is replacement of a an aging craft and facility
engineer workforce and knowledge transfer of that workforce.

Specific recommendations for additions or deletions to the work scope

e Find a way to maintain this program going forward. Industry funding may help, but don't rely on it. DOE
funding is appropriate and essential.
e Continue this program if possible. An important initiative with demonstrated results.
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The bullets below are a compilation of comments made by individual panel members during the evaluation
of this project.

Question 1: Relevance to water industry needs and overall DOE objectives

This project earned a score of 4.2 for its Relevance to water industry needs and overall DOE objectives.

e Hi value to industry and in driving policy.

e This is a strategic project, the results of which can inform future decisions about capacity building in the
hydropower industry.

o Business models vary across entities in the hydropower industry which lead to different staffing, retention,

and training strategies, and should be considered in the design of the study.

Preparing to train the next generation of hydro workers is an important sustainability initiative.

Addresses and is a great first step towards resolving the problem of training needs in hydropower.

The project is potentially useful to the hydro industry.

PowerPoint presentation was not submitted in time for preview by panel. Deduction imposed.
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Question 2: Methods and Approach to performing the research and development

This project was rated 4.1 on its methods/approach.

¢ Navigant did a survey for NHA 5 years ago - will use that as well. NREL is involved in surveys for other
renewals.

e Other organizations (CEATI HPLIG) have looked at hydro training resources available in the market and
should be consulted.

o Seems like a solid consistent needs based approach to a training needs assessment.

e PowerPoint presentation was not submitted in time for preview by panel. Deduction imposed.

Strengths and Weaknesses

Project Strengths

o Avery timely project.

e Work has been done previously which will be leveraged.
e Addresses the real staffing needs in hydro.

e March-April 2015.

Project Weaknesses
o Project will not look at specific areas of expertise or benchmarking for best practices for education/skills and
job training.

e PowerPoint presentation was not submitted in time for preview by panel. Deduction imposed.

Specific recommendations for additions or deletions to the work scope

e For assessing pipeline, need to discount preliminary permits and strongly distinguish between preliminary
permits and licenses issued.

e Great project and a great first step. Highly recommend continuing this project.

o Need to consider needs for craft positions too.
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The bullets below are a compilation of comments made by individual panel members during the evaluation
of this project.

Question 1: Relevance to water industry needs and overall DOE objectives

This project earned a score of 4.4 for its Relevance to water industry needs and overall DOE objectives.

e Very high value for industry and to drive policy.
e Highly relevant - information can be used for policy makers and other decision makers at other levels
e Market report for hydro - development activity, supply chain evolution, fleet performance (modernization) -
Many of these are covered in EIA (energy info agency), NHA jobs studies, Hydro Review development
updates, and other publications. This is a report to be compiled and available for policy makers.
o Similar to what has been done in other renewable energy areas. Helps even the playing field in renewable
energy. Should be great from a policy standpoint.
e Optimizing existing fleet.
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Question 2: Methods and Approach to performing the research and development

This project was rated 3.8 on its methods/approach.

o Identify highest value data and start issuing it ASAP.

e Good analysis but shares with other database/assessment project the need to identify specific needs as a place
to start, i.e., guaranteeing usability in the first version.

o Need clear rollout plan for how this information will be disseminated to those policy makers that will benefit
from this compilation.

Strengths and Weaknesses

Project Strengths

o Severe lack of this type of information. Can really help drive policy.
o Capitalizes on other efforts.

Project Weaknesses

e It's going to take time to get it going.

o | would like to see a focused roll-out plan with this - once it is compiled, who will take this data and convey it
to policy makers?

Specific recommendations for additions or deletions to the work scope

Add in socio-economic benefits?

Continue project, thinking about specific uses ("use cases") that can demonstrate the value of the product.
Consider environmental performance in addition to other performance parameters

Start issuing high value data ASAP, well ahead of comprehensive report (e.g. number of projects and MW
under construction).

Consider socio-economic performance factors.

e Seems like EIA and NERC GAD's would have some beneficial benchmark information for this.

e Make sure you look at all the existing data sources out there before you recreate one.
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8.0 Detailed Qualitative Program Evaluation by the Panelists

As part of the 2014 Water Power Peer Review process, reviewers were asked to perform a detailed qualitative
analysis of the Water Power Program based on the four aspects listed below:

1. Program Obijectives;

2. Research and Development (R&D) Portfolio;

3. Management and Operations; and

4. Communications and Outreach.

Specifically, panel members were asked to evaluate: 1) how well Program objectives align with industry needs
and Administration goals, 2) if the Water Power Program investment portfolio is appropriately balanced across
research areas and recipient organizations to achieve the program's mission and goals, 3) the quality of the Water
Power Program's team, management practices, and operations, and 4) the effectiveness of the Program at
engaging with industry, universities, other agencies, international actors, and other stakeholders. Panel members
were also asked to comment on the strengths and weakness of the program.

Below are the detailed comments provided by the individual panelists.

8.1 Marine and Hydrokinetic Qualitative Program Evaluation

Question 1. PROGRAM OBJECTIVES: How well do Program objectives align with industry needs and
Administration Goals?

e The 4 listed MHK Program Objectives fully support industry needs. But it will be the actual funding and
allocations among these Objectives that actually determines the progress to be made in achieving these
four objectives.

e The breadth and depth of the MHK program is very impressive. | believe it is having a significant impact
on the development of the MHK industry.

o DOE's commitment to advancing the MHK industry in the U.S. has been impressive, to say the least.
Without their support, this industry will not evolve and be competitive with other power generators. The
current awards by DOE acknowledge the needs of the industry (e.g., supporting the establishment of test
centers and regulatory/permitting training).

e However, | am unsure if the national labs should be involved as much as they are. For example, the
modeling efforts may not be the best way to spend the limited funds at this time, instead DOE may want
to focus getting "steel in water" that will then allow labs to model.

e Advancing the state of MHK technology by in-water demonstrations should be the highest priority for the
MHK Program.

e All other objectives support the primary objective above with reduction of deployment barriers being a
key secondary objective as regulatory delays are clearly delaying in-water demonstrations

e Overall I think the department is doing some amazing work in a number of areas. Considering the budget
was $0 just 6-7 years ago the progress made has been even more astounding. The private and public
partnerships that have been brought to the table have significantly increased the effectiveness of the
budget expended by DOE. Some of the recent awards that were presented clearly show the department is
heading in the right direction both in advancing technology and in reducing environmental/regulatory
barriers.

e There are some areas that could perhaps be improved upon. In particular | find some of the modeling
work done solely by the labs to be of questionable value to the industry. | think the work is being done
with great intentions but without actual operating devices in the water it will be difficult to validate some
of the models and it seems that other approaches could have been taken to address some of the issues
instead of building models. There doesn't seem to be much outreach to and interaction with the
development community in the decisions to pursue these efforts or during the model development.

358




U.S. DEPARTMENT OF Energy Efﬂciency &

ENERGY | Renewatle Energy  Detailed Qualitative Program Evaluation by the Panelists

Question 2. R&D PORTFOLIO: Is the Water Power Program investment portfolio appropriately balanced

across research areas and recipient organizations to achieve the program's mission & goals?
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DOE has done extraordinarily fine staff work in reaching out to the industry and National Labs to
understand the requirements to grow the MHK industry. The resulting DOE MHK Program Objectives
reflect this fine work. However, the historical funding has been disproportionately invested in the large-
scale National Lab reference cost model, open-source software development, and hydrographic research
projects that have little near-term contribution for MHK industry development. DOE should rebalance the
portfolio to prioritize advancement of leading technology to the full commercialization stage, addressing
the barriers to full deployment. This will best support job creation and full MHK cluster development
within the U.S., and eventually integration of MHK technology into the U.S. generation base.

DOE, working with the industry and National Labs, can best tap the excellent talents of the National Lab
scientists in accelerating deployment of first and second generation technology as the prime Program
objective.

The Program Portfolio investments in open-source software are problematic. MHK developers have
expressed the concern that existing, proven proprietary software exists and there is not a barrier to
development posed by software availability. The available software programs are well suited to industry
needs, and the price of the software reflects development costs. There is a concern that DOE may
unwittingly adversely impact the availability of top quality design software by undermining private
software developer interest in serving the MHK industry, thereby adversely impacting the MHK
technology development sector in the long term.

The program is fairly balance across the R&D spectrum. | suggest continued future emphasis on in-water
demonstration projects.

DOE has, and is, making great strides in advancing the industry. Their support for in-water
demonstrations can only be described as invaluable. However, as funds are limited | would recommend
DOE assess the merits of funding $750,000 to third wave test center on the West Coast - it maybe more
beneficial to fund the current projects through to completion before addressing the needs of another
center.

Also, is current research building off of other industries knowledge and their R&D? For example, should
DOE funds from the MHK program support the investigation into biofouling paints when both the Navy
and oil & gas have spent millions looking into the same issue?

The MHK Team has made effective use of financial resources to fund in-water demonstrations.

The MHK Team has generally made effective use of the talents within National Labs to support industry,
but in a few specific cases, the National Labs were used on projects that industry would have been better
positioned to perform.

The R&D efforts generally support in-water demonstrations with a few minor exceptions as mentioned in
individual reviews.

Projects related solely to infrastructure development, particularly the 4th Test Site, should be carefully
evaluated to assure that they do not take resources from in-water demonstrations.

Exceptions to the above comments include those efforts that are intended to enhance U.S. competitiveness
in the global MHK community (international standards for instance).

Overall great direction in a number of areas. | think there is a lot of merit in leveraging lessons learned
from the wind industry but this needs to be tempered by the facts that the marine environment presents
significantly different challenges than on-shore wind generation faced and that regulatory acceptance to
these technologies will take time and patience and "steel in the water" deployments at a small scale before
they can be widely adopted.

A concern that was raised repeatedly was whether research is adequately building off of existing or
ongoing research done by the oil and gas industry or the Navy and that the MHK industry should not be
leading marine research in areas where there are common problems (i.e. biofouling etc.). These
institutions have already figured out how to do almost anything in the underwater environment, MHK's
challenge is to adopt the most cost effective ways to enhance the industry.




U.S. DEPARTMENT OF Energy Efﬂciency &

ENERGY | Renewatle Energy  Detailed Qualitative Program Evaluation by the Panelists

Question 3. MANAGEMENT & OPERATIONS: Evaluate the quality of the Water Power Program's team,
management practices, and operations.

e DOE Water Power Program has assembled a top-notch staff, with excellent leadership, personnel and
program operation practices. The Program currently is responding to historical priorities on National Lab
funding, and is working to phase out the large scale National Lab studies that do not contribute directly in
near term to industry development.

e DOE leadership as an honest broker between industry and the labs to encourage and facilitate greater
collaboration, and assure that any National Lab research and planning fully consults and integrates
industry feedback in study protocols and planned deliverables (e.g. open-source software) would ensure
that taxpayers get the maximum value from their investments.

o Inorder to improve the relevance of any National Lab research project, DOE will need to add specific
project requirements to ensure active outreach by the National Labs to determine the state of research in
other research centers globally (not just a desktop review of research publications, which do not capture
ongoing or unpublished work). Also, the Labs should be required to interview the MHK developers to
learn about their needs on any given project, or to beta test any proposed deliverable (models, software,
etc.).

e It was very clear to me that the MHK program has excellent leadership which is totally committed to its
success.

e The leadership and operations of this program is very impressive - it was a privilege to work alongside
such a talented group of individuals.

e The MHK Team has shown excellent leadership simply by holding this Peer Review.

e The MHK Leadership has made exceptional use of the National Laboratories to augment their staff and
make progress on important research initiatives.

o The MHK Leadership has chartered the Labs to assist industry with selected regulatory issues (the orca-
strike analysis stands out).

e Leadership and staff are top notch. They seem to share a passion for advancing the industry and are
accomplishing quite a bit with a limited number of individuals.

Question 4. COMMUNICATIONS & OUTREACH: How effective is the Program at engaging with

industry, universities, other agencies, international actors, and other stakeholders?

e DOE has invested considerable resources in communications and outreach. The presence of DOE staff at
industry events, the DOE work to convene stakeholder workshops are all great contributions to assuring
effective communications.

The MHK program does a very good job in communicating with all its key stakeholders.

Most of the funded projects included an extensive collaborative team of private and public partnerships.

Well done!

The only change | would suggest is that the publishing findings from the National Labs research not just

focus on peer review papers and international conferences, but also trade publications as well.

e The only area that could be improved is the collaboration between System Developers and the National
Labs. This is not easy and will require a lot of sensitivity to Industry’s concerns.

e There is a great deal of excellent collaboration on most of the projects in the portfolio - with industry and
the development community working closely with universities, national labs and others in the industry -
including the Navy. The international standards work is important to be involved in but | wonder if there
is more that could be done to gain information and insights from the international community. Some of
the lab efforts appeared to lack good and consistent communication with industry. Overall the program
does a great job of reaching out to industry and presenting results and progress reports at national events.

Question 5. STRENGTHS: Discuss the aspects of the program that support successful outcomes or that
provide an advantage to the program. Factors may be internal or external.

360




U.S. DEPARTMENT OF Energy Efﬂciency &

ENERGY | Renewatle Energy  Detailed Qualitative Program Evaluation by the Panelists

Consistent, high quality effort to remain current with MHK industry needs and developments.

Careful planning to address barriers to development, drawing on resources and skills of many
stakeholders.

Excellent communication with industry on opportunities for funding.

Leadership.

Communication with stakeholders.

This program has a strong foundation that an industry can be built on. The collaboration between public
and private groups is highly commendable, particularly the team with the Navy, FAU, and OSU to
develop national test centers.

The programs support to develop system and components is also a program strength - this is needed if this
industry is to progress.

The Program is built on a solid foundation of cooperation between DOE, the Industrial Partners, the Labs,
and academia. While not perfect, this foundation provides the best path for the U.S. to succeed in the
international marketplace.

As mentioned previously, the scientific expertise within the Labs is a strength of the Program.

The SPA FOA is an excellent vehicle for making progress toward in-water demonstrations of existing
systems without over specifying the technology.

The MHK Program has also maintained a portfolio of system and component development efforts by
industry that are still at the R&D stage. This allows smaller U.S. companies to grow.

For the United States, getting test centers open and getting first projects in the water is huge. The
university partnerships are excellent and should pay dividends in ideas and talent for years to come. DOE
is helping developers continue to move forward in a very difficult U.S. market caused by the lack of clear
national energy policy, low energy costs due to natural gas pricing, and a very difficult regulatory
environment.

Question 6. WEAKNESSES: Discuss the aspects of the program that hinder successful outcomes or that

disadvantages the program. Factors may be internal or external.
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Disproportionate funding for National Lab projects with little near term impact to reduce barriers to MHK
deployment. Continued DOE leadership in migrating the National Lab talent to applied research to
eliminate those barriers (e.g. Puget Sound Resident Killer Whale project) will strengthen the DOE MHK
program progress.

DOE focus on funding Technology, with limited emphasis on capacity of technology developer to
commercialize the technology through a viable company may result in stranding the Technology. This
may easily result in the global competitors buying the technology at discount prices.

DOE should work to develop a continuous funding track for the most promising technology to enable
predictable funding of technology development needs, eliminating down time and associated costs while
the Company seeks new R&D funding. DOE should work to devise solutions to the "no mortgage"
prohibition on multiyear funding stream in order to address the most serious barrier to development -
adequate funding to bring a promising technology to commercialization.

Continued DOE leadership in convening all needed stakeholders to address the permitting challenges is
essential in order to reduce the permitting barriers. The "project by project"” approach to address pilot
projects throughout the U.S. is too slow and costly. Joint federal agency partner approach to developing a
streamlined standard permit with conditions blessed by each agency (e.g. the National Pilot Project Permit
by Rule) would be a game changer in terms of moving pilot projects ahead, and developing the data
needed to address both environmental and engineering design issues.

The national labs offer an amazing resource to this industry; however, it appears - at least at the surface -
that their involvement is to cater to their personal needs and goals, not address the needs to progress this
industry to commercial reality.
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In a few specific cases, | felt that the Labs were being used for efforts that were better suited for Industry.
This may have simply been due to expediency.

Again, in a few cases, delays were noted with regard to the execution of agreements between the Labs and
Industry. This may be a unique aspect of Governmental organizations and there may be no obvious
solution. The time for executing a simple NDA was an order of magnitude longer than | am used to.
Industrial Partners are inherently distrustful of each other and smaller companies seem to consider the
Labs as a competitor for R&D funding. Open technology transfer will always have challenges.

It appears that at times there has been too much free reign to the labs to pursue projects that they think are
in best interests of the industry without upfront and regular interaction with industry to make sure it will
help them. There are some very smart people at the labs who may think they know best (and they may)
but bringing in some other perspectives in the planning stages of projects would likely be helpful.

Question 7. RECOMMENDATIONS

8.2

Keep up the great work!

Emphasis on in-water projects.

Get steel in water! Without DOE's help, this will not happen - that is the reality of this nascent industry. It
maybe be more effective to fund more shorter termed physical projects than longer termed theoretical
projects.

When identifying funding ask "will this advance the MHK industry, or will it advance the marine industry
(whatever it maybe)?"

Maintain an emphasis on in-water demonstrations by Industrial Partners (including small ones). In short,
"Fund Industry, not Technologies".

Continue to support Industry with regulatory issues by having the Labs provide solid scientific data to
address environmental concerns when possible.

Continue to support Industry by transfer of scientific knowledge within the Labs to avoid "reinventing the
wheel." This may involve expediting legal paperwork such as NDAs.

Use the question "Does this proposed effort support rapid deployment of an MHK system or device?"
Continue to support the U.S. industry through participation in international organizations.

Don't focus too many resources on initiatives whose results won't be seen for a number of years at the
expense of projects/initiatives that are close to success and just need a little help. Take a balanced
approach (sort of like financial investing) with some resources spent in areas where a longer term return is
expected but significant resources to those that have more immediate and easier to see returns.

Hydropower Qualitative Program Evaluation

Question 1. PROGRAM OBJECTIVES: How well do Program obijectives align with industry needs and

Administration Goals?

362

Program is doing a solid job on all technical fronts. Gaps exist in highlighting licensing and permitting
difficulties that create uncertainty for future investment for hydro. Additional program engagement in
driving comprehensive energy policy would be a positive for our country - not just hydro.

Environmental barriers (ESA, etc.) have been extensively well documented and mapped out, but as an
industry, we haven't done nearly as good a job of touting the non-generating benefits that many reservoirs
and hydropower dams provide. | would like to see a little more balance to this evaluation. For instance, in
some extended drought situations, some ESA species would not likely have survived, if it were not for the
storage releases from hydro impoundments upstream. Same could be true for major flooding situations
where hydro impoundments often mitigate damage to aquatic habitats that could lead to loss of species.
The first three objectives have good value in the "better, faster, cheaper" category, but they won't drive
new hydro development. Three things are holding hydro back: (1) high cost and lack of certainty in
licensing/permitting processes, (2) inadequate market valuation of Hydropower and Pumped Storage
attributes that help integrate variable renewables and provide grid reliability; and (3) low natural gas
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price. The DOE program objectives should have additional focus on the first two areas that are holding
hydro back.

The research program funds a variety of projects that align with all four of the major objectives.

A few projects align with the objective of supporting the research program itself, which in turn aligns
with the projects.

Only a very few projects do not align well with the objectives because they are too site-specific, or
address an ancillary concern.

Hydropower development and deployment starts from well informed policy on gaps between what's
needed and what's available, efforts to reconcile policy gaps would be very helpful.

Robust regulatory process is key in reducing upfront planning cost, uncertainty, and lead time that are
making developers reluctant in undertaking hydropower projects .

Efficient market design is needed to provide incentives, economics signals, and assurances to developers,
investors, banks to participate in hydropower development.

Existing hydropower fleet encumbrance by contractual obligations, water delivery, aging infrastructure,
reduced operating availability, environmental, physical and hydraulics limitations needs to be taken into
account in assessing availability and future needs of flexible hydropower assets, especially in the context
of renewable integration.

The need for future pumped storage development should be addressed from reliability, sustainability,
operating reserve perspective rather than direct competitive market opportunities.

One should recognize that the hydropower industry is mature enough that innovation has to come from
creative deployment and improvement of existing technologies rather than from breakthrough technology.
I think this program has gone a long way to advance new hydropower systems and components and
optimize existing facilities.

All the projects we reviewed in the Hydro Program align with industry needs and Administration goals.

Question 2. R&D PORTFOLIO: Is the Water Power Program investment portfolio appropriately balanced

across research areas and recipient organizations to achieve the program's mission & goals?
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I believe the investment portfolio is pretty well balanced across research areas but there appears to be a
trend toward heavy investment (almost exclusive investment) in work for the National Labs in 2014.

It is hard to understand the details of all the modeling projects and how they are supposed to fit together,
but some overlap and redundancy in models appears to be possible.

Generally yes, but make sure the data and modeling projects don't go too far into the realm of diminishing
returns. Make sure the high value issue to be addressed or answer to be sought is clearly defined, and then
stop the project once the issue or answer is addressed.

Utilize stage gates and keep a close eye on research projects. If they start to go downhill; it's time to pull
the budget.

Need more focus on increasing the efficiency and certainty of Hydro licensing/permitting and improving
market valuation of Hydropower and Pumped Storage attributes. These two areas are underfunded at
present. Such an increased focus would provide DOE with a significant objective/goal by which to
improve management decisions regarding research projects, funding, timeframes, priorities, etc consistent
with doubling hydropower production. DOE is well-positioned as an agency to represent a major water
user (hydropower) regarding licensing/permitting to improve these regulatory processes, and these
improvements will benefit every water user in the USA as well as all over the world.

Program investment is somewhat balanced across research areas. The balance across organizations does
not seem balanced. Very few university funded projects. Perhaps more large projects to the labs. (This
may be a policy issue).

There are a number of very talented, creative and productive scientists in the Labs that carry a
disproportionate part of the research. This contributes to continuity and reliability of results, but may limit
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the creative input somewhat. Perhaps more collaboration between these people and agency or university
scientists and engineers would have even better outcomes.

Although R&D will always be needed, more efforts should be spent on creative integration and
deployment of existing hydropower technologies to meet emerging trends in power market needs

It is recognized that R&D carries extra cost and economics of a specific demonstration may not follow
fundamentals. Economics of future deployment and potential savings from economy of scale need to be
identified and assessed early. Contribution of technological advancement in future development may not
be enough to offset the gap in a project's economic viability. Example, 5 % improved mechanical
efficiency may only result in 1% reduction in LCOE, which may not be enough to encourage future
deployment.

Demonstration projects need to be carefully and strategically selected to benefit the hydropower industry
as a whole, notwithstanding the difference between what's meant to be for Research and others meant for
development. Either way, viability of future deployment needs to be demonstrated in every stage.
Creative deployment is a key, as market design and developers participation in the power market is
different from one market to another. Example, deployments meant to offset retail price exposure and
serve native load of an entity may prove to be economical versus deployment to participate in the
wholesale market for the same technology.

Economics of a specific technology should include life cycle cost, and should not be limited to initial
capital cost. Future maintenance, refurbishment and replacement needs should be taken into account.
The Basin Scale Opportunity Assessment needs to receive more funding. This program is vital to
doubling hydro but faces many challenges to accomplish the goals for implementing this plan across the
country.

Question 3. MANAGEMENT & OPERATIONS: Evaluate the guality of the Water Power Program's team,

management practices, and operations.

364

Excellent DOE personnel and support team. Steps are being taken to address transition from project
"grants" to co-managed projects. This is an EXCELLENT step forward.

Very impressed with leadership, staff and strong commitment to advance US Hydropower generation.
The DOE team seems highly qualified, engaged and passionate about the research agenda.

The program operations practices were explained to the panel briefly, but there is still much about this
that is not understood.

The new business/funding model that the program is adopting (cooperative agreement concept) is a very
positive change and should provide the level of scrutiny needed to monitor progress of different projects.
It may be helpful to develop a project management plan template that all PIs will adhere to, allowing
tracking of progress and meeting milestones and deliverable requirements would be easier to manage and
correct in a timely manner.

End user needs of the undertaken efforts/projects should be the key driver to setting the objectives and
scope of each project.

One should always start from what is already been done and readily available and identify gaps that need
to filled to provide a product that would be more robust and useful from an end user perspective.
Projects that are meant to demonstrate hydropower potential for future development need to be balanced
with other competing interests, early on. So the findings of these studies will be better received and would
not trigger pushback from other groups, such as environmental, water rights, NGO, etc.

I think the program has helped the labs work together toward common goals instead of competing against
each other. This is the best direction for the industry and the taxpayer.

Challenged to get more research done with similar funding levels. The "grant™ approach has its benefits,
but the "cooperative" approach Jose discussed on Feb 28 sounds like it would provide advantages.

While the national labs provide continuity in expertise, their costs for projects is very high. Costs for
work like modeling could be reduced by retaining small contractors.
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Question 4. COMMUNICATIONS & OUTREACH: How effective is the Program at engaging with

industry, universities, other agencies, international actors, and other stakeholders?

From the industry perspective, this is an area for continual improvement. It is very difficult to reach all
the parties that may be of assistance as possible members of "Technical Advisory Committees” that
represent end users, but distribution lists from NHA, Pennwell, and other organizations may help to better
engage industry for these initiatives. Also, distribution of reports through OSHI and other government
websites are often unknown to the non-federal hydro producers and need better visibility.
Outreach/partnering with NHA and other industry organizations is on right track and should be increased.
The peer review concept and process are excellent!

Need to increase outreach to environmental community both to influence direction and avoid
surprise/push-back.

The program does a pretty good job of communicating through reports and products available.
Communication with the review panel could be more effective (see recommendations).

The program is doing an excellent job in engaging industry participants through seeking advisory groups,
peer reviews, case studies, demonstration projects, reports, conferences, etc.

In the R& D space and demonstration projects, it would be helpful to seek advice from experts in the
industry, early on.

More frequent updates and engagement of the review panel would help identify concerns with progress
and may provide recommendations that will lead to higher levels of success.

More focus should be given to communicating non-monetary benefits from hydro installation that are of
great benefits to communities from a socioeconomics perspectives.

In developing toolsets, it would be very helpful to design the final product to fit business processes that
typical utilities use in managing their hydropower assets. There is no need to spend efforts to integrate
modules in one suite, unless the utility benefits of the final product is recognized by the end-user.

Good, but outreach and communications could be improved.

I think much more could be done to interact and share more information with those outside DOE and the
labs. | knew very little about the Hydro Program prior to the review, even though | know (and have
known for many years) professional staff at the labs.

Question 5. STRENGTHS: Discuss the aspects of the program that support successful outcomes or that

provide an advantage to the program. Factors may be internal or external.

365

Overall the program has done a terrific job of showing that hydro still has a lot to offer and MUST be a
part of future energy solutions.

A number of recommendations from previous Peer Reviews have been adopted and numerous process
improvements have been put in place that greatly enhance the effectiveness and efficiency of the Peer
Review process.

DOE’s aggregation of data to support the conclusion that US hydro can double its clean energy
contribution has been hugely helpful in convincing Congress to develop and pass supportive legislation.
DOE's clear efforts to understand align with, and support industry direction is essential to successful
outcomes. DOE's Hydro Vision process will greatly strengthen the linkage between DOE and industry.
Linkage with other industry organizations: IEA, CEATI, EUCG, NHA. How about EPRI? Maximize
leverage!

DOE funds a certain number of new inventions - new turbines or other devices that will be patented or
brought to market. This is appropriate and ultimately of value. The hydro industry needs creative new
ideas now. This is very much like the NIH funding new medical technology, which has resulted in many
very successful inventions.

Research that develops new algorithms for modeling hydro operations is an important part of the research
portfolio. These allow more efficient use of hydro, greater market value, and fewer violations of other
water-related constraints and objectives, and great potential for integration of variable renewables.
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The Hydro Research Foundation has been a great program, turned out many remarkable young engineers
and scientists with a passion for hydropower.

The basin assessment projects are aligned with DOE objectives, but can be fraught with difficulties. There
is much experience in other agencies with these. DOE look to be focusing on defining hydro-specific
processes that can find win-win opportunities in basins where there is a great potential for additional
hydro.

Several "assessment™ projects - development of databases - are responding to the great need for more data
about hydro - the existing fleet, the potential market, the value, etc. DOE's commitment to long term
funding/upkeep of these is important.

DOE's research portfolio is forward thinking and visionary - it funds some projects that will help define
major shifts in the energy future.

The program has a coherent set of goals and objectives that meets the ever evolving and diverse energy
market.

There is a genuine commitment to hear hydropower industry experts and participants to efficiently
manage outcome.

The program is clearly focused on working toward industry needs and advancement of hydropower
deployment.

Has progressed the industry.

Good stakeholder involvement.

Great sense of direction for the program with projects lined up with goals and objectives. Very
professional team leading the program as well as very professional technical personnel.

Question 6. WEAKNESSES: Discuss the aspects of the program that hinder successful outcomes or that

disadvantages the program. Factors may be internal or external.
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A trend toward heavy reliance on National Labs to originate projects may lead to blind spots in practical
research since it is atypical to see lab PI's in the field. Sometimes these projects can be blind crunching of
databases and statistical analyses without a strong connection to end users.

DOE's traditional focus on research likely distracts from its potential impact on influencing policy. As
Congress' technical advisor on energy matters, DOE can have a huge impact on policy. A great example
of this is how DOE's work on the growth potential of hydropower supported passage of two hydro bills in
2013. The focus on research also can lead to diving too deeply (beyond the needs of the high value issue
or question) or continuing to support projects that are sinking and should be terminated.

Development of software that is intended to be used by hydro operators in production cannot be fully
developed under a research grant. Software products should be developed according to accepted
standards, undergo rigorous QA testing, and have budgets for continued software maintenance,
infrastructure for reporting and fixing issues, help desk support, etc. Further, software should be
developed based on user needs to a certain point, then tested and deployed. Continued development
should be considered after initial functionality is accepted by users. It is more likely that software
developed under research grants will be "research™ software, usable mainly by research projects. The
expectations and future funding are quite different.

Research to develop new methods in areas such as hydrologic forecasting and environmental health of
rivers may not be well aligned with DOE objectives. Although good forecasts help optimize hydro value,
there are many other agencies already working in this area and many methods that are widely used and
accepted. Environmental health of rivers is determined by biological opinions, records of decision and
many other scientific efforts carried out by many agencies and organizations. Similarly, downscaling for
climate change is a large and duplicative effort; DOE could spend the resources on modeling the specifics
of systems that focus on the hydro resources. The weakness here is in not recognizing when a portion of
the research is a duplication of work done elsewhere by agencies that have specialization in those areas.
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The need to support the labs seems to dominate the program. The Labs contribute significant and valuable
science, but also have projects with deep funding levels that don't seem to be generated by industry need
or alignment with the goals.

Program is underfunded resulting in slower schedule and progress than what's needed, as energy market is
evolving at a much faster pace.

Peer reviews are too far apart and not designed to provide early intervention to help the program identify
potential problems in some of the projects.

Need to make sure projects aren't just a redo of something that has already been done.

Think about the point of diminishing returns.

Build on what has already been done instead of building a new wheel.

Could get a lot more work done if costs were lower.

Question 7. RECOMMENDATIONS
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Intervals between Peer Reviews are too long. Perhaps status reports, already required of the PI's, could be
sent to the Panel at 6 month intervals. Use of the Merit Review process at interim intervals could be of
great assistance for engaging the industry in the steering process for many projects.

I would like to see/verify that there is more upfront outreach to industry end users during the scoping and
development stages of a project. This was mentioned in several presentations and may be happening but
these solicitations are apparently not well publicized. | also believe that better upfront engagement by the
Peer Review panel during the selection process might have redirected funds away from some projects that
had very high probabilities of failure.

For many projects, | would like to see an "End user Evaluation/Customer Satisfaction Survey" that would
help DOE evaluate the value and performance of ongoing projects. Simple "Survey Monkey" questions
could request end users to provide their expected cost savings that have resulted from the implementation
of a particular project. This also sets the stage for the PI to make sure that they know who the end users
are and will reinforce the need to engage the end users throughout the process.

Many projects do not have clear measures of success. In my company, we have a "Check Investment"
process that can be required of any project and requires the receiver of funds to show how their project is
actually paying off compared to what they promised. As part of their proposals, a few new technology
projects made exaggerated claims and completely baseless LCOE projections, and unfortunately, there
was no accountability mechanism for failure to deliver on these promises.

Improve sharing with industry via webinars and industry distribution lists from NHA, CEATI, EPRI, etc.
All lab developed software products should have clear implementation, rollout, and ongoing maintenance
plans (and ongoing funding, if necessary) at the onset for these products.

Increase DOE's focus on addressing the issues that are holding Hydro back: (1) high cost and lack of
certainty in licensing/permitting processes, (2) inadequate market valuation of Hydropower and Pumped
Storage attributes that help integrate variable renewables and provide grid reliability; and (3) low natural
gas price. Use DOE's technical clout to inform Congress of the need for policy changes that drive Hydro
forward,

All projects should be evaluated against the question, "How will this help grow hydropower in the US?",
and should focus on the deliverable to the end user.

Separate the objective areas of reducing deployment barriers and reducing environmental impacts. While
it's true that environmental impacts can sometimes be a deployment barrier, the much greater need for
reducing environmental impacts is centered on existing hydro and the biggest deployment barriers (lack
of certainty in licensing/permitting and inadequate valuation) have little to do with environmental
impacts.

Engage in the water/power nexus, with a strong focus on climate change impacts. Expand the ongoing
climate change study to also address non-federal hydro.
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Establish a robust Low Impact Hydro Certification program, or at least set the objective criteria for such
programs by others. DOE (not LIHI) should own this!

Peer review process improvements: (1) make it more prospective than retrospective, (2) shorten interval
to one year? (3) provide quarterly status reports on key projects.

Risky projects like new inventions should be monitored more closely and by people who have some
expertise in the technical details.

New databases are needed, but often the data that is gathered may not add up to a set that is very useful.
For all database projects, it would be useful to identify specific questions that can be answered, to insure
some basic utility upon which to build. Analysis tools could also compliment these inquiries.

Many projects will end, i.e., not have continued funding. Does DOE keep track of the lasting effects of
projects? How are the results used in the future? This should be built in to the program.

The review process is good and gets better each time, but still has some room for improvement. The
following could improve the process: 1) omit presentations on projects that are purely demonstrations or
very small budgets; 2) provide extra time for projects that are complex and/or have large budgets; the
current process sometimes does not allow the panel to get enough information to make provide useful
feedback; there often are not enough time for questions; perhaps the presenters can be available later for
more questions.

There is a need to educate the public, and inform policy on the benefits that the hydropower industry
provides, beyond electricity. Also, there is a need to recognize that the existing hydro fleet is not available
to provide the very much needed renewable integration services.

There is a need to recognize that the existing hydro fleet is not available to provide the very much needed
renewable integration services. Competing energy storage technologies are either a better fit for
Transmission and Distribution needs, or they are a high GHG emission resources that render their use as a
self-defeating notion in the context of clean renewable energy.

One should be careful in publishing findings from models that are not designed to discover the actual
value and need of Pumped Storage Hydro, especially in the context of renewable integration. As this will
send the wrong message about the value and need of PSH. In CA the expected stream of revenues for a
standalone PSH assets should range between $150 to $200 per KW-YT, for the year 2020.

The peer review for the most part looks at projects that are well underway to almost complete. A review
before the project is started or earlier in the process would be beneficial. Get end users involved on the
front end.

Don't forget existing infrastructure. New development is great but the benefit cost ratio of improvements
to existing infrastructure is usually significantly better than new construction.

Keep the end goal and end user in mind. How will this be used in the field to solve a problem?

We can always look deeper when it comes to research but is there always value in that deeper look?
Focus on benefitting industry as whole. Be careful about just benefitting one vendor.

Get more technical work performed outside the Labs, especially modeling, and share and interact more
with outside professionals and other organizations.
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9.0 Lessons Learned from the 2014 Water Power Peer Review
Meeting Process

The 2014 Water Power Peer Review meeting took place on February 24 — 28, 2014 at the DoubleTree Crystal
City Hotel in Arlington, VA. A Marine and Hydrokinetic Peer Review Panel consisting of five members
(including a chair) and a Hydropower Peer Review Panel consisting of six members (including a chairperson),
participated in the 2014 Peer Review process. The purpose of the review was to evaluate DOE-funded projects for
their contribution to the mission and goals of the program, to assess progress made against stated objectives, and
to assess the program’s overall management and performance. Principal Investigators (PI), leading approximately
96 projects, and federal program staff came together to disseminate information, progress, and results. The
following is a list of comments and actionable recommendations, made by the individual panelists, aimed at
improving the process for future peer review meetings.

9.1 General Feedback on the Peer Review Process

e Communications with the Peer Review Team have been excellent.

e A number of recommendations from previous peer reviews have been adopted and numerous process
improvements have been put in place that greatly enhances the effectiveness and efficiency of the peer
review process.

e The Excel agenda with embedded score sheet tabs and quick links to the presentations and two-page
project summaries were terrific enhancements.

o Getting the PowerPoint presentations early was a huge benefit to the panelists’ preparation. Having
everything electronically on a thumb drive was fantastic and it made sure that the final presentations were
all in one place. Please hold the line on discouraging/refusing any late presentations — otherwise, “you can
expect to get what you are willing to accept.”

e The standardized templates that all presenters must use with objectives, budget information, proposed
work, etc. is much easier to understand and compare then the sometimes rambling, wide-ranging
presentations that existed a few years back.

e Found the two-page project summaries very useful, both for prep on the project as well as for review after
the presentations. One recurring theme was that the two-page summary be just that — two pages.

e The time clock for presenters was helpful and very successful. The awareness of the clock helped the
presenters understand that they didn’t have time to get into minutia and that they needed to focus on their
key points.

e The poster session was an excellent idea to allow more informal engagement of the panel with some
speakers.

e The panel dinner before the first day was also a very good idea and helped to build team chemistry. The
dinner with DOE staff was also beneficial and very well received.

o Notes of appreciation are always helpful to panelists when communicating with their management about
the time they spent during the peer review process.

9.2  Opportunities for Improving the Peer Review Process

Suggestions from Hydropower Panelists:
e Scheduling
o Intervals between peer reviews are too long. Perhaps status reports, already required of the Pls,
could be sent to Panelists at six month intervals. Use of the merit review process at interim
intervals could be of great assistance for engaging the industry in the steering process for many
projects.
e Presentations
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o Omit presentations on projects that are purely demonstrations or have very small budgets.

o Provide extra time for projects that are complex and/or have large budgets. The current process
sometimes does not allow the panel to get enough information to provide useful feedback.

o There often is not enough time for questions; perhaps the presenters can be available later for
more questions.

o All projects should be evaluated against the question, "How will this help grow hydropower in
the U.S.?" and should focus on the deliverable to the end user.

o Final presentations from the Pls should be frozen about four weeks before the meeting so that a

single complete assembled final version can be sent to the panelists three weeks in advance.
Avoiding last minute revisions and omissions is very helpful to the process. In fact, because the
panelists had the presentations in hand early this year, many did not need to rely nearly as much
on the two page summary documents.

Pre-review Planning

O

Before panelists are vetted and chosen, projects for review should be selected and a summary
Excel spreadsheet of previous and future cash flows for all selected projects should be compiled.
This knowledge can help tailor the selection of panelists to better fit the more significant projects
being evaluated.

DOE goals and objectives, as well as DOE “Questions for Peer Reviewers,” should be included in
early materials sent to panelists (and emphasized by the chair).

Educate panelists about the project process including selection, monitoring, and execution phases.
This could be a handout/presentation included with the Water Power Peer Review Plan or kickoff
conference call.

Develop an automated spreadsheet that can populate a list of the scores for all projects in a matrix
that can be easily viewed by the panelist for verifying their own scoring calibration.

For many projects, would like to see an "End user Evaluation/Customer Satisfaction Survey" that
would help DOE evaluate the value and performance of ongoing projects. Simple "Survey
Monkey" questions could request end users to provide their expected cost savings that have
resulted from the implementation of a particular project. This also sets the stage for the Pl to
make sure that they know who the end users are and will reinforce the need to engage the end
users throughout the process.

Logistics

O

Presentations should wrap up by 4:00 pm (4:30 pm at the latest) to allow an hour or more for
panel de-briefing time before dinner.

Presentations could start earlier at 8:30 am with an hour for lunch and two 15 minute breaks. This
allows for six hours of presentation per day.

More low dollar and low risk projects could be sent to the poster session. If the poster session
starts at 4pm, it would be nice to stop the presentations no later than 3pm to allow time for the
daily panel de-brief. It was suggested that a cash bar during the poster session would make it
more of a “social” that would also facilitate mingling and beneficial interaction that otherwise
might not occur.

Wrap-up and Post-review

O

Automate the accumulation of marked program key findings so that these could be compiled
Thursday evening to prepare for the Friday closed door meeting. This is dependent on allowing
time for panelists to meet on Thursday to discuss programmatic key findings.

It would be great if outstanding panelists could be recognized in some incremental way for time
and effort expended beyond the norm.

Suggestions from MHK Panelists:
Pre-review Planning
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o Use the question "Does this proposed effort support rapid deployment of an MHK system or
device?" as an evaluation metric.

o Consider consolidating some of the individual projects at the national labs into a single
presentation of an overarching program/portfolio.

= The Field Measurement Campaign might have been reviewed in one presentation rather
than three individual ones with a fair amount of repetition.
= In the extreme case, the entire portfolio for the national labs could be reviewed in one day
with presentations on individual programs rather than individual efforts at each Lab.
e Presentations

o The budget presentation was a little difficult to decipher regarding what was allocated to a
particular project versus the program.

o The presentations on Technology Advancement by Industry could have been longer, but the
danger is that the presenters will go into obscure technical details. For these efforts the MHK
team recommends:

= A greater emphasis on adherence to cost/schedule.

= Adiscussion on the important lessons learned.

= Adiscussion on the delays and costs related to regulatory matters are key to understand
as they seem to be keeping “steel out of the water.”

o The presentation slides titled “Project Plan and Schedule” and “Project Budget” in the
presentations are standardized and concise, but the content is easy to misinterpret. A proposed
different approach for “significant” projects/programs is to include:

= What milestones were planned to be completed during the reporting period and what was
the expected cost to complete them (Budgeted Cost of Work Scheduled [BCWS]).

= What milestones were actually completed during the reporting period and what was the
expected cost to complete them (Budgeted Cost of Work Performed).

= What cost was actually incurred (Actual Cost of Work Performed [ACWP]).

= The charts as they currently exist allow a comparison of BCWS & ACWP. While vitally
important to DOE for allocating funds to performers and for the senior management of
the performing corporations to understand revenue variances, such a comparison is not
considered good practice for the purposes of evaluating a project.

9.3 Guidance and Suggestions for Future Peer Review Chairs

e Emphasize the DOE program goals, objectives, and questions for peer reviewers during discussions with
the panelists.

o Emphasize the need for substantive, constructive, actionable comments on the evaluation forms during
discussions with the panelists.

e Prepare for the Friday closed door session by focusing the panel on key findings that are program wide or
those that need immediate attention. Get key findings identified by end of day Thursday in time to prep
for the Friday closed door session.

¢ Remind panelists they should not expect to have much time for their “real job back home” during the
review week.

e Remind panelists they should expect to spend time daily for the panel de-brief and also to get a jump on
individual scoring.

o Chair should facilitate and lead the daily panel de-brief to discuss individual merits of a project.

o Chair should bring a higher level view to facilitate the discussions and help panelists avoid getting mired
in the minutia.

e Chair should reminder panelists to submit Conflict of Interest, Nondisclosure agreements, Workbook
submittals, W9 and expense reimbursement requests in a timely manner.

e Chair should assist with time management for sessions.
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Appendix A. Acronyms

Abbreviations
Abbreviation
ARRA
AWEC
BSOA
FOA
FY
GW
HAP
IEA

KHPS
kW
kWh
LCOE
LLC
MOIS
MW

MWh
NHAAP

NMREC
O&M
OEM
Pl

PPA
PTC
PUC
R&D
RFI
SPA
TRL
UK

us
WARP
WEC
WWPP
Wie

Description
American Recovery And Reinvestment Act
Advanced Wave Energy Converter
Basin-Scale Opportunity Assessment Initiative
Funding Opportunity Announcement
Fiscal Year
Gigawatts
Hydropower Advancement Studies
International Energy Agency
Intellectual Property
Kinetic Hydropower System
Kilowatt
Kilowatt Hour
Levelized Cost Of Energy
Limited Liability Company
Modular Ocean Instrumentation System
Megawatt

Megawatt Hour
National Hydropower Asset Assessment Program

National Marine Renewable Energy Centers
Operations & Maintenance

Original Equipment Manufacturer

Principle Investigator

Power Purchase Agreement

Production Tax Credit

Public Utilities Commission

Research And Development

Request For Information

System Performance and Advancement
Technology Readiness Level

United Kingdom

United States Of America

Wave Analysis and Response Program
Wave Energy Conversion

DOE Wind and Water Power Technologies Office
Wave For Energy
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National Laboratories

Abbreviation
ANL
INL
LANL
LBNL
LLNL
NREL
ORNL
PNL
PNNL
SNL

Description

Argonne National Laboratory

Idaho National Laboratory

Los Alamos National Lab

Lawrence Berkeley National Laboratory
Lawrence Livermore National Laboratory
National Renewable Energy Laboratory
Oak Ridge National Laboratory

Pacific Northwest National Laboratory
Pacific Northwest National Laboratory
Sandia National Laboratories

Government Agencies

Abbreviation
DHS

DOD

DOE

EERE

EPA

GAO

NOAA

NWS

Description

Department of Homeland Security

Department of Defense

Department of Energy

Energy Efficiency and Renewable Energy
Environmental Protection Agency

General Accounting Office

National Oceanic and Atmospheric Administration
National Weather Service
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Appendix B. Existing Project Evaluation Form Template

The evaluation forms were the only means by which reviewers documented their quantitative and qualitative
project evaluations. The panelists were asked to rate existing Marine and Hydrokinetic and Hydropower
projects on the following metrics:

1. Relevance to Industry Needs and Overall DOE Objectives: the degree to which the project aligns
with objectives and goals of the Water Power Program and meets the needs of the Water industry at
large. (Stand Alone Metric)

2. Methods/Approach: the degree to which the project is well designed, technically feasible, and
likely to overcome the technical and non-technical barriers. (Weight = 30%)

3. Technical Accomplishments and Progress: the degree to which the project has delivered results
and/or progressed technically compared to the stated project schedule and goals. (Weight = 30%)

4. Project Management: the effectiveness of the project's management, including project planning,
project execution, and allocation of resources to complete the project within scope, on-time, and
within budget. (Weight = 20%)

5. Research Integration, Collaboration, and Technology Transfer: the degree to which the project
successfully interacts, interfaces, or coordinates with other institutions and projects, and the degree
to which projects are disseminating the results of the R&D. (Weight = 10%)

6. Proposed Future Research (if applicable): the degree to which the future research proposed is
relevant, well-planned, and worthwhile of continued funding. (Weight = 10%)

In addition to the above six criteria, peer reviewers were asked to provide an overall qualitative assessment
of the project in a written narrative. Reviewers were asked to comment on overall strengths and weaknesses,
and to include recommendations for ways to improve the projects.

For “existing” project evaluations, numerical scores were based on a five-point scale, with qualitative
descriptors given for the numerical scoring index (i.e., a score of 1 corresponds to a “Poor” rating, 2
corresponds to a “Fair” rating, 3 corresponds to an “Average” rating, 4 corresponds to a “Good” rating, and 5
corresponds to an “Outstanding” rating).
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Project Evaluation Form for

Project Title

Presenter Name: Reviewer: #N,
Presenter Org: PR Project ID: #N,
. . g . . r
Enter commentin  Provide specific, concise comments to support your evaluation. #N/A
green shaded cells | #N/A
Relevance to Water industry needs and overall DOE objectives Stand
Q1 Relevance to Water industry needs and overall DOE objectives — the degree to which the project aligns with objectives and goals of the Water Power Alone
Program and meets the needs of the Water industry at large. Metric
5 - Outstanding Projectis critical to objectives and goals of the Program and meeting Water industry needs.
4 - Good Project has valuable impact to Program goals and objectives and meeting Water industry needs. score
3 - Average Project has moderate relevance with objectives and goals of the Program and Water industry needs.
2 - Fair Projectis marginally relevant to the objectives and goals of the Program and Water industry.
1- Poor Project has little relevance to Program goals and objectives and Water industry needs.
Score ?'s / Notes:|
Key Comment
Finding Comments Category
Q2 Methods/Approach Weight
The degree to which the project is well designed, technically feasible, and likely to overcome the technical and non-technical barriers. 30%
5 - Outstanding Excellent project design and technically feasible; approach will likely be successful.
4 - Good Well designed and technically feasible; continue to move forward with this approach. score
3 - Average Generally effective.
2 - Fair Has significant weaknesses in methods; requires significantimprovement.
1- Poor Ineffective approach to meet project objectives; new methods should be developed.
Score ?'s /Notes:l
Key Comment
Finding Comments Category
03 Technical Accomplishments and Progress Weight
The degree to which the project has delivered results and/or progressed technically compared to the stated project schedule and goals. 30%
5 - Outstanding Excellentaccomplishments and progress; little to no monitoring needed for excellent project results.
4 - Good Good progress; successful outcome is likely. score
3 - Average Adequate accomplishments and progress. Continue monitoring.
2 - Fair Accomplishments and progress appear behind schedule or short of original goals; extra project monitoring needed to improve outcome.
1- Poor Little or no demonstrated progress made. Major course correction needed to achieve success.
Score ?'s / Notes:|
Key Comment
Finding Comments Category
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Project Evaluation Form for

Project Title

Presenter Name: Reviewer: #N,
Presenter Org: PR Project ID: #N,
. - Y . . r
Enter commentin  Provide specific, concise comments to support your evaluation. #N/A
green shaded cells i #N‘A
Project Management Weight
Q4 The effectiveness of the project's management, including project planning, project execution, and allocation of resources to complete the project within 2052
scope, on-time, and within budget.
5- Outstanding Excellent project management demonstrated that should resultin well-run, successful project.
4 - Good Project management appears successful and should resultin an in-scope, on-time, within-budget project. score
3 - Average Project management should resultin completion of objectives mostly within scope, on-time, and within budget.
2 - Fair Project management evidence indicates project may have issues with executing within scope, on-time, and/or within budget.
1 - Poor Poor project management demonstrated. Project likely to have significant overruns in schedule or budget, and may need re-scoping.
Score ?'s / Notes:|
Key Comment
Finding Comments Category
Research Integration, Collaboration, and Technology Transfer Weight
Q5  Wwith industry, universities, and other laboratories — the degree to which the project successfully interacts, interfaces, or coordinates with other 10%
institutions and projects, and the degree to which projects are disseminating the results of the R&D.
5. Outstandin Close coordination with other institutions strengthens project impact; results well-documented and being communicated to appropriate
9 audiences.
4 - Good Close, appropriate coordination with other institutions; results reaching appropriate audiences. score
3 - Average Some coordination across institutions; some technology transfer and communications demonstrated.
2 - Fair Little coordination exists across institutions, to the detriment of the project; weak evidence of technology transfer and/or communications.
1- Poor No collaboration or coordination with other institutions significantly weakens the project; no evidence of technology transfer and/or
communications.
Score ?'s / Notes:
Key Comment
Finding Comments Category
Q6 Proposed Future Research (if applicable) Weight
The degree to which the future research proposed is relevant, well-planned, and worthwhile of continued funding. 10%
. Proposed future research is critical for Program and industry success, appears well-planned and achievable, and should be prioritized for
5 - Outstanding funding
4 - Good Proposed future research aligns well with Program and industry needs, and appears likely to deliver results. score
3 - Average Proposed future research is moderately relevant to Program and industry needs, with moderate likelihood for impact.
2 - Fair Proposed future research is marginally relevant and may achieve its intended impact.
1- Poor Proposed future research is not relevant or does not appear likely to achieve results. Consider de-funding.
NA - Not Applicable Projectis complete, so no future research is proposed.
Score ?'s / Notes:]
Key Comment
Finding Comments Category
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SEWERE SHEE Project Evaluation Form for

Project Title

Presenter Name: Reviewer:
Presenter O ject ID:

Entercommentin  Provide specific, concise comments to support your evaluation. #N/A
green shaded cells #N/A
7 Project Strengths Not
Q Discuss the aspects of the project that support successful outcomes or that provides an advantage to the project. Factors may be internal or external. ~ Scored
Key Comment
Finding Comments Category
08 Project Weaknesses Not
Discuss the aspects of the project that hinder successful outcomes or that disadvantages the project. Factors may be internal or external. Scored
Key Comment
Finding Comments Category
Q9 Recommendations Not
Scored
Key Comment
Finding Comments Category
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Appendix C. New Project Evaluation Form Template

The evaluation forms were the only means by which reviewers documented their quantitative and qualitative
project evaluations. The panelists were asked to rate new Marine and Hydrokinetic and Hydropower projects
on the following metrics:

1. Relevance to Industry Needs and overall DOE Objectives: the degree to which the project aligns
with objectives and goals of the Water Power Program and meets the needs of the Water industry at
large. (Stand Alone Metric)

2. Technical Approach: the degree to which the project is well designed, technically feasible, and
likely to overcome the technical and non-technical barriers. (Stand Alone Metric)

In addition to the above two criteria, peer reviewers were asked to provide an overall qualitative assessment
of each of the “new” projects by commenting on the aspects of the project that support successful outcomes
or that provides an advantage to the project, the aspects of the project that hinder successful outcomes or that
disadvantages the project, and recommendations for ways to improve the projects.

For “new” project evaluations, numerical scores were based on a five-point scale, with qualitative descriptors
given for the numerical scoring index (i.e., a score of 1 corresponds to a “Poor” rating, 2 corresponds to a
“Fair” rating, 3 corresponds to an “Average” rating, 4 corresponds to a “Good” rating, and 5 corresponds to
an “Outstanding” rating).
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Project Evaluation Form for

Project Title

Presenter Name: Reviewer: #N/A
Presenter Org: PR Project ID: #N/A
Enter commentin  Provide specific, concise comments to support your evaluation. #N/A
green shaded cells #N/A
Relevance to Water industry needs and overall DOE objectives Stand
Q1 The degree to which the project aligns with objectives and goals of the Water Power Program and meets the needs of the Water industry at large. Alone
Metric
5 - Outstanding Projectis critical to objectives and goals of the Program and meeting Water industry needs.
4 - Good Project has valuable impact to Program goals and objectives and meeting Water industry needs. score
3 - Average Project has moderate relevance with objectives and goals of the Program and Water industry needs.
2 - Fair Projectis marginally relevant to the objectives and goals of the Program and Water industry.
1 - Poor Project has little relevance to Program goals and objectives and Water industry needs.
Score ?'s / Notes: |
Key Comment
Finding Comments Category
Technical Approach Stand
Q2 The degree to which the project is well designed, technically feasible, and likely to overcome the technical and non-technical barriers. Alone
Metric
5 - Outstanding Excellent project design and technically feasible; approach will likely be successful.
4 - Good Well designed and technically feasible; continue to move forward with this approach. score
3 - Average Generally effective.
2 - Fair Has significant weaknesses in methods; requires significantimprovement.
1 - Poor Ineffective approach to meet project objectives; new methods should be developed.
Score ?'s / Notes: |
Key Comment
Finding Comments Category
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SHEHERE SAEE) Project Evaluation Form for

Project Title

Presenter Name: Reviewe
: PR Project ID:

Presenter Org:
Provide specific, concise comments to support your evaluation.

Enter commentin
green shaded cells
03 Project Strengths Not
Discuss the aspects of the project that support successful outcomes or that provides an advantage to the project. Factors may be internal or external. ~ Scored
Key Comment
Finding Comments Category
04 Project Weaknesses Not
Discuss the aspects of the project that hinder successful outcomes or that disadvantages the project. Factors may be internal or external. Scored
Key Comment
Finding Comments Category
05 Recommendations Not
Scored
Key Comment
Finding Comments Category
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Appendix D. Program Evaluation Form Template

The evaluation forms were the only means by which reviewers documented their quantitative and qualitative
evaluations of the Water Power Program. The panelists were asked to rate the Water Power Program based
on the metrics listed below:

1. Program Obijectives: how well do Program objectives align with industry needs and Administration
Goals?

2. Research and Development (R&D) Portfolio: is the Water Program investment portfolio
appropriately balanced across research areas and recipient organizations to achieve the program's
mission and goals?

3. Management and Operations: evaluate the quality of the Water Program's team, management
practices, and operations.

4. Communications and Outreach: how effective is the Program at engaging with industry,
universities, other agencies, international actors, and other stakeholders?

Each criterion was scored as a stand-alone metric. Numerical scores were based on a five-point scale, with
gualitative descriptors given for the numerical scoring index (i.e., a score of 1 corresponds to a “Poor” rating,
2 corresponds to a “Fair” rating, 3 corresponds to an “Average” rating, 4 corresponds to a “Good” rating, and
5 corresponds to an “Outstanding” rating). Reviewers were also asked to provide qualitative feedback on
program strengths, program weaknesses, and any additional recommendations.
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Program Name: DOE Water Power Program Reviewer:

Presenter Name: WWPP Program Manager + Team Presenter Org: DOE Wind and Water Power Program
Input Cells Provide specific, concise comments to support your evaluation.
MHK Program Objectives Hydro Program Objectives
How well do Program objectives align with industry needs and Administration Goals? |How well do Program objectives align with industry needs and Administration Goals?
« Advance the state of MHK technology « Advance new hydropower systems and/or components for demonstration or deployment
Q « Dewvelop key MHK testing infrastructure, instrumentation, and/or standards « Optimize existing hydropower technology, flexibility, and/or operations
« Characterize and increase access to high resource sites « Enable next generation pumped storage technologies to facilitate renewable integration
* Reduce deployment barriers and environmental impacts of MHK technologies * Reduce deployment barriers and environmental impacts of hydropower
5- Outstanding All Program objectives fully supportindustry needs.
4 - Good Most Program objectives fully supportindustry needs. score
3 - Average Program objectives marginally support industry needs.
2 - Fair Some Program objectives do not supportindustry needs.
1- Poor Few or none of Program objectives supportindustry needs; objectives should be re-evaluated and revised.
Score ?'s / Notes:|
F.Ke.y Comments
inding

02 R&D Portfolio
Is the Water Program investment portfolio appropriately balanced across research areas and recipient organizations to achieve the program’'s mission & goals?
5- Outstanding Program investment portfolio is excellent across research areas and organizations to achieve program mission & goals

4 - Good Program investment portfolio is fairly balanced across research areas and organizations to meet program mission & goals score
3 - Average Program investment portfolio mix and diversity is adequate
2 - Fair Program investment portfolio has some weaknesses in balance across research areas and recipients
1- Poor Program investment portfolio will not enable program to achieve its mission & goals
Score ?'s / Notes:|
Fiﬁ;’;g Comments

Q3 Management & Operations
Please evaluate the quality of the Water Program's team, management practices, and operations.

5- Outstanding Program has excellent leadership, personnel, and program operation practices.

4 - Good Program management and operations appears mostly effective. score
3 - Average Program management and operations is adequate.
2 - Fair Some of the Program team and practices reduce its effectiveness.
1- Poor Program team and practices are not effective.
Score ?'s / Notes:]
Fiﬁi’;g Comments
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Program Evaluation Form
Project Nam DOE Water Power Program Reviewer:
Presenter Nar WWPP Program Manager + Team Presenter Org: DOE Wind and Water Power Program

Input Cells Provide specific, concise comments to support your evaluation.

Q4 Communications & Qutreach
How effective is the Program at engaging with industry, universities, other agencies, international actors, and other stakeholders?
5 - Outstanding Program is extremely effective in communications, coordination, and outreach with relevant stakeholders.

4 - Good Program does a good job with communications, coordination, and outreach to relevant stakeholders. score
3 - Average Program communications, coordination, and outreach is adequate.
2 - Fair Program needs improvement on communications, coordination, and outreach activities.
1- Poor Program's ineffective communications, coordination, and outreach impede its overall success.
Score ?'s /Notes:|
Hﬁ;’;g Comments
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Projec me: DOE Water Power Program Reviewer:
Presenter Name: WWPP Program Manager + Team Presenter Org: DOE Wind and Water Power Program

Input Cells Provide specific, concise comments to support your evaluation.

Program Strengths
Q5 Discuss the aspects of the program that support successful outcomes or that provide an advantage to the program. Factors may be internal or external.

Key

Finding Comments

06 Program Weaknesses
Discuss the aspects of the program that hinder successful outcomes or that disadvantage the program. Factors may be internal or external.

Key

Sl Comments
Recommendations
Q7 ————————
Key
e Comments
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Appendix E. Meeting Agenda
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Poster Presentations - Lincoln Hall

Posters will be displayed throughout the conference.
There will be a poster conference Wednesday afternoon. Please see Below.

E-1




U.S. DEPARTMENT OF

ENERGY

Energy Efficiency &
Renewable Energy

Appendix E

U.5. DEPARTMENT OF

/ENERGY

Energy Efficienc
Renewable Ener

2/24-2/28 2014 Peer Review Agenda
Tuesday — Tuesday — Tuesday — Tuesday — Tuesday — Tuesday — Tuesday — Tuesday — Tuesday — Tuesday -- Tuesday -- Tuesday

WIND AND WATER POWER TECHNOLOGIES OFFICE

Hydro - Salon A

Preventzson

Location
DoubleTree Crystal City
300 Army Navy Drive
Adington, VA 22203

End
scoam | saoam | 2
om
saoe | ssoam | 2
1am
ss0aM | wasam| 0T
Sm
10 am | waoea| P
5
waoam| 1woomm| aom
20m
1coam| as | L0
1195 aM | 1wsoa| M
Sm
11s0am | 12osem| 0™
Sm
1zos e | 1za0em| B
Sm
waoem| 130 | om
papm | wssem | 2
Sm
T e
Sm
zaupM | zasma [ 0T
Sm
zaspm | zasem | 2
1am
TLATPM | 345 PM | 30m
saspn | acoma | 2
Sm
aoopm | s | 2
Sm
aazpn | azoma | B
Sm
asopm | assea | BT
10m
P TN
Sm
saopn | sase |
Sm
. 1am
sasem | sagem |00

- —— 300 AM | 100048 [ B3m Wiione nn.-,mm
WET-NZ Pt scalis Wiarow Ensirgy Conwurion Advancessant Project even Kop!, Merthusast Exangy ‘
A Lo
. Mk Mukhicha, Oisin Powa i 15
FESDG, 500 kW Uity Scale PomerBucy Projec imices wo0am | sam | O
- . Mk Mukhicha, Oisin Powa 15 Natioaal Hydiopomed Assel ALsisimint Progias [NHAAF] Shih-Chish Ka0, Oak Rdgs National
Rebitigort PE1S0 Daphyubil and Ockan Tas Proji T . 15 AM | L1040 &AM wm Extiting Hydrn Fhat - Databass snd Aalyses atory
EREAK aanam | 1rw0am | zom EREAK
I Wit iy an b, Cobambia Peewr _ Em _ Shili-Chih €20, Dak fadgs National
Diruct Deive Wi Enargy Buoy il e e | 1usmam| 20 9505 Water Lise Analysis v
il Advarced Ware Eneriy Convartar [AWED) & Powar
rae o e LE. [Tad) Lasster, RCT
1 o5 m
TidGan® Powes Systess Commuareialization Projact Cheistopher 2 Saues, Ocean Runewable B oy 30 0y | 42:35 pm = ARRA: Hydlicakctric Faclity Mederaeation Prograes B Hufitar, Multiph Projits
Fuwar Company Em
- Jarlath McEmae, Doean Ranemabis
(OGen™ Modua Mooring Project S
. 123sF6 | 135PM | B0m
| v | 22 ——— e e
[ Agpuanitis C-Plas Dcaan Curvent Torbing Projact Al Flaming, Dublsen Adsociates, LLC i Fraject Cresrview AHL:1:35 - 145 Py Pe—
1450 | 155 PR Or:' Enhanced HydroForecasi Systess  PHNL: 145 = 1:55 - “ia“ﬂ"ﬁ:m st
HydenSCOPE SHL: 155 - 205 —1
- AR 15560 | 2OSPRE 100;' s of Bivar Functionaliy AN 305 - 245 Thomes 5 m“r'l::: Mrtioem]
Fuget Sousd Flot Tidal Enargy Project 5"; :k'i::l . Coewanticnal Hydeoeectic and Smdronmental _
' ’ 2osema | 2aspm | 00 Resource Systess ANL: 2:15 =235 Jzhn W, Hayes, Argonne National
om Labesatory {Lead]
| Adhaacaimit of thi Kisstic Hyonopomed Syt [RHPS) " 1m ALLOBA: 2:25ge 2400 Tom Vicdlie, Argonni Natioaal
Maary Ane Adonio, Vardant Pomer inc. [l 2256 | Zaopm : :
Dugpartmes of Eneeyy (D0E] Tachnology fuadiness Level (TR 778 | "2 - 15m Laberatory fuuad]
| A ibisgration of Pows Taks-O i Vortas Indeced W N Braswtan Sesith, Ok Ridis National
A P 3 Al
b ations Auatic Class Enirgy Raibecca Altar, Wiorbes Hydeo Enaigy TAOPM | 10PN wm Hyiiopomed Advance ant Studis (HAP] ntney
[EREAK . 30074 | 240PM | 30m BREAK
“Albert Livecchi, National Reremabin Em - . R .
MHH Industry Sgpon Eneayyiatiormieny d0rna | dosend |0 45 Wik Hpdoadincric Powar Desscnstration Jiew Gordan, Earth by Design
Viecant Neary, Sasdia Hational W Branean Seith, Oak Ridge Mational
ndusiry Support: GRFT - aos e | dasen | o0 . . oy
- _ Viecant Neary, Sasdia Hational Wm ORNL: 445pm-4:15pm Simoe Gearkols, Facihc Non st
Farformance Testing for Hydrokinatic Casal Efects NEW - aasea | dasen | o0 RN 445 a5 Maidonal abarnbary
Bernadeita A Hernander-Sanche: 10 ANL A:ESpm-Atpm Miadimir Koritanoy, Angenne National
nadetia & Hernander-Sanche: m i Koritarow, Aqgenne bl
Materials & Coatings + Manul Aaliail N 4354 | 450PM ALLDAA: 435pm-4:50pm -
abarials & Coating! + Manulacture Rellabifty Sandia Mational Laboret ories fLead) 15m Laborstory
- Gecrge Soshays, FROL_Fadhic B B Wm Ouantification of Aukabilty and Codt impacts for Hydopames Brannan T. Smith, Dak Ridge Naticeal
| &chvarcad Maturials and hanula turing Refiabiky Siihasm s Ratonal takarniery asura | sk |0 — oy
_ - ) _ Rt Theeibar, Mational Recswabie B W Florw Mwasrersant Toch or Commnging intaiors HEW Branean Seith, Oak Ridge Mational
Seliabiity ared Servivabiliny Rtk Asusiswnt Fracwwork HEW SA0FM | SIOPM
il iy o i Enargy Laboraiory = om ORAL: 5:10pm-5: 2pe Laboratory
N T— s PR — Jason Cotrell, Mational Ranesabli [T [p— 10m FRINL: 5:20pm-530pey Marshall Richmonss, Pacilic Moreest
Rehring Meads Amammpnt et Det skt Enargy Laborabery = 10m ALLOBA: 5:3pm.Sdlpm National Labarabery

E-2




U.S. DEPARTMENT OF

ENERGY

Energy Efficiency &
Renewable Energy

Appendix E

U.5. DEPARTMENT OF

Energy Efficiency &
Renewable Energy

WIND AND WATER POWER TECHNOLOGIES OFFICE

2/24-2/28 2014 Peer Review Agenda

MHEK - 5alon B

Prawecetian

Stort

Hydro - Salon A

Preveatzsion

DoubleTree Crystal Gty
300 Arry Nawy Drive
Arlington, VA 22203
703-416-4100

prink date 02/20/2014

Wm
5004M | 9:30AM
N I T nteoduction 1o th Spaum Parfoemanca and Advancament (SPA) | Bryas Sun Che Fora, DOE (Midiiple om
Lam RO NEW Projects] so0m | as0am m [Maticeal Hydiopomr Asse Assismint Program [NHAAP] - Nis Shih-Chish Kao, Ok Rdgs National
) ) 10 Labisratary
950AM | 10:20 KM Mkt Micket Hoyt Battay, DOE Fs0aM | 1ioam | 0M ik P s Praject Divid Hasson, Sacramants Munlipal
W Uity Distracy
1030 &AM | 1035 A BREAX a0 am | 1035 ama]  15m
hark Sevallimar, Dak Ridge Mational o
1035 Ak | 10:50 A  Ailhan ADRML Sarike Flumse Seudias ‘ ":L“u idge Mational B 0ok an | 1050 am w: [Harreessing the Hydro-Beciric Potential of Engineared Drops Sharon Aikin, Parcharon Power
L ¥
P B mpacts of Indiidaa] aead Muhigla MHE Sereccors {Hydroacomtic Whark Grippa, Argoana National ) ]
fELAR Liburatary . 15m _— Nadigearaes (Rami 5. Praad, s
PP P m“mm " Sman Gewlats, Pacl Hortest 050 AM | 11:15 AN 0m Hydrepower Enargy Resosros (HyPER| Harsester Masicn Shate iy
§ i et PAML (L) 11054 11:20am Matissal Labseatory
Dprimatatn SNL: 114:20am-11:30am Bichs huprian, Sarstia Maticnal Em
1120 AM | 11:00 a0 ALLORA 14 30em i1 nam P — FTRETI] FERETOY] i SL61- 00 Dumecmstration preqct at Manros i A Sehingides, Natal Eneity
1140 AM | 1855 A8 A cowtics Expisimntation and Charactarization a4 .m..:;nan.m Hatianal 5
= s‘:_’ T 21:40 a0 | 12:05 PM mm 5.4 Timieg Belt Pomertrain
1155 Ak | 1200 P4 [ Ticlal Mecaabing, Utsar Manual, Vakidation, and Acoustics Package Jasst Hicacts, Juncie fetion
Laborsnoies
1z:0Pm [ 1a0mm | Bam Lusck 1205 | sosem | om Lunck
vioeM | 1aspw | MM (EC Amrey Mochiing kmpruvernents do Aser: FaoFlld Jowre Rckeets, Suncia Pinlionsl 106570 | 1:30PM Scli-iss of kw-hiad SLH hydiosnggng ke Sehasides, Natel Enesge
S5 Eirwt il EMits Laiby oot ek
g i i Tt Gl F 1) Swrian Honbir, GFO [for Wil
a5 Finlen Collnciion and Hayt Baibey and locahyn Srows- LM | 155 e o - I\-u.w.ln u!\ll '
L Experimaniation Iniaduction io T M s.:. 0, :.;nmn.;."r- ::'rrus' Beian Hunt GFD"TIu ear Spacs
" sl o 15500 | 220PM Coall Hipelrporwsr Ristaach and Davalapment Tachnology Project 1 "'iwm" i '
"
40P | 15m BREAK Ta0F4 | 235PM Breax
Wm ) Luka Fara, Faciic Northwest National Laboratany Demonsiration ol a New Amarican Low. fead _
aspd | ol EA 05 Amsax IV Support and Tuthys Data basa Devalopmant abaratery B35 FA | 300PM Eneosnonsr Tirtins Wayna Keouse, Hydro Gresn Energy
S I T PP e Cocet Contal Mg Spocla Pomming . Siman Geclat, Fahc Rebmest T [Demunsiration of Variabio Speed Permanest Magnet Ganerator 31| Cavd Brown finloch, Weisesburger
Sm e . Coas Scpwe Maticeal Lubeestory il Lovw- Hoad Fiyedra Gt wails
am Sharieg
320PM | 335 PM Educanion EERE Post-ductoral Resaarch Awaeds Hoyt Bantay , DOE [for ORSE] . R
i aasem | asopm | B Cost Data Cellaction and Modeding for Hytdinpomer NEW Un Fan Katharine| Zhaag. ok Ricdpe
_ _ 1am ) . lan Baring-Gould, Naticea! Rariwabh wm Mational Laboratery
IISPM | 350 P MK Regulater Training NEW '
5m argy Laboratory
. wm ) . Brannan T. Smith, Cak Ridge Naticeal
35078 | 410PM [Mew Hydropemer Innovation Collaboruive NEW -
ISOPM | 4ASPM [ 25m BREAK 10m Labaratary
&207M4 | 415PM | Sm Breax
215 PM | 600 P 1:‘:" [Peitir Sassion a1sPd | E00PM ?m"" Puster Seasion

E-3




U.S. DEPARTMENT OF

ENERGY

Energy Efficiency &
Renewable Energy

Appendix E

DEPARTMENT OF

'ENERGY

Energy Efficiency &
Renewable Energ)

Thursday — Thursday — Thursday — Thursday — Thursday — Thursday — Thursday —

MHEK - 5alon B

WIND AND WATER POWER TECHNOLOGIES OFFICE

2/24-2/28 2014 Peer Review Agenda

L~
ursday — Thursday — Thursday — Thursday — Thursday

Hydro - Salon A

Freaentstion

Sensor Fah

DoubleTree Crystal ity
300 Army Navy Drive
Adington, VA 22203

703-416-4100

prink date O0/20/2014

2 Cunial Durg, Facilic Northwes
Hatienal Laberavery

Turbsies seration Sssign softears for mitigatieg adverss
L [ i P

s it

R Armidl, Rigiits of the Lininsiisity
o Minnessts

[Watar Craality Modeling mprowesnts at Columiia and

Bouales Hadjericess, Ok Ridge Natonal

Cumberland fvar Basins Laboratory
BAELK
Bichogial Dsign Critaria boe W Hydlripower Turbises NEW Gary Jeanson, Pacific Nortbimest

ML 30:55am-1105am

ORML: 1105am-1145am
ALLQEA: 11:15am-1125am

Hational Laboratsey

Mark Buvelbimes, Oak Ridge Mational
Labsratory

Bain Siabs Opgaiunity Assiaman
PHNL [Liad): 19:25a0m-11:40am

ORNL: 11:406i-1150a
ALL ORA: 1150am-13:-05am

St Gisirafs, Pacific Moflsesl
Matinal Laboratory |Laad)

Mark Buvelbimes, Oak Ridge Mational
Laboranory

[Hydripirmier Fallowitip Progiam

Dabarah Link, Hydie Resdancs
Foussation

[Hydropomer torkdorcs and Education, Traning Mewds Asesent
HEwW

Hizyt Battay, DOE

Anifiual Hydrapower Madkat atd Trand Rigo NEW

Ieboedubing aved dnabesis of Valos of Advinced
FEH in the LIS

ANL [Laad]: 2-35pm.2:40pm
NEEL: T:dfpes.50pm
AlL QEA: 2:E0pm-3:00gm

Foi Uria-Maninaz, uk Ridge Naticeal
Labisatiry

Madimir Karitanoy, Amponng Natiosal
Laberanary (Lead]

Erik Elia, National Resswabiu Enagy
Laboratery

i Hill Puifipisd-Storage Project

E-4

St Flaki, Sacrarmait s Municipal
Lhiiry Distrizy

ANL [Lawt]: 335pm-3:50pm

Ponal Prowestobias
15m
sooam | sasam [0 NMREC. Natiunal Maring Jim Angrimm, DOE 00aM | 9:30aM
7]
D45 AM | S45AM m: Worthwest National Marine Russwable Enargy Conter Bolida Batiue, Oregen S1ate Univarciry [l 5:30 4 | 0:50 am
0m Pich ard Poehsliau, Hawali Natuwal mm
945 aM | 10015 A NMREC. Harmaii N aticesal Marine Risniwalihs Esvrgy Cantir (HINMBEC) " e 25040 | 10:45. 8
1m Edigy Inatitute [HNE]| 10m
woasam | wasam | ®™ southeast National Marine Ranewabbs Esargy Conter S 1, meng, Fiorida Allentic s am | 1ogonma| BT
10m Uisivarsiey wm
woasam | ooam| 15m [REax weanam | 1ossam]| 15m
1100 am | 1asa| B wssan | 1asans| 0
i om
) 1105 am | 10:25 am ﬁx
1asam| gam | B0 MACHS: Ml Coar |1y ufin Ll System i Nnkcm, Notivnnl Rmpnibly Comrgy
5m Laboratoey Em
112540 | 110080
om
om . Bernadetie A Hernandes-Sanches, 1om
1140 AM | 1055 A6 Sm nstrumesation Syitess Developesnt Sandia National N 11:40AM | 12:05 FM 5m
[ P Standards Davlopesant: 1EC TELL4 and thv Ocean Energy Systamss | Wal Msial, Natiosal Ranewabls Evigy
- S [(Agrsimiant of this IEA Laboratary
o5 | sosem | som
sm
vt | raopa | 2 st ilches, Mational Sancwable B fl L L a0
5m Labaratory 10m
©
L30pM | 200 P Mariea and Hydrokisstic Testing |nlrastruchara Development HEW | im Ahlgrimm, DOE, [Muhipie Peojects] [l 12570 | 2.45 P00 1.0:
2:00PM | 245 PM sasem | zosen | 1O
10m
25 P | 230 P Flewiald Characiarization for Tidal Ensegy Shes Sarshall Bichmand, Pachic Hortbvesst il o py | zacpm | 2T
Sm Maticeal Labeemtory om
10m Soriaph "Chwain” Gobarts, Natdesal Bm
230PM | 245 P DOD MHK Degloyment Petenaial NEW TSP | 240PM
Sm e Ranesabls Essngy Laboeatony om
s | zoopm | O [ive Ervieonmastal haractertation st Wi Tadt Sitas NEW Vancat aary. Sandia Hational paoem | zooem | 10°
Sm Laboranories 1wm
30070 | ASPM | 15m
10om
39570 | 335PM
10m
aasem | asoem | B0
om
asoem | asoem | 0°
10m

NEEL: 3.50pes-4.00pm
AL QEA 4.00pM-4:100m

“iadimir Koritans, Amgoning Natiosal
Labsoeannry fLisd]

Erik Ela, National Resswable Enafgy
Labaratary




U.S. DEPARTMENT OF

Energy Efficiency &

ENERGY Renewabie Energy Appendix F
Appendix F. Meeting Attendee List
Last Name First Name Company Email

Ahlgrimm Jim US Department of Energy jim.ahlgrimm@ee.doe.gov

AlQaser Ghassan CA Department of Water Resources Ghassan.Algaser@water.ca.gov

Arndt Roger St. Anthony Falls Laboratory, arndt001@umn.edu
University of Minnesota

Atkin Sharon Percheron Power, LLC sda@percheronpower.com

Bakhtian Noel US Department of Energy noel.bakhtian@hg.doe.gov

Batten Belinda Oregon State University belinda.batten@oregonstate.edu

Battey Hoyt US Department of Energy hoyt.battey@ee.doe.gov

Beals Daniel BCS, Inc. daniel.beals@ee.doe.gov

Bernitsas Michael Vortex Hydro Energy michaelb@umich.edu

Bevelhimer Mark Oak Ridge National Laboratory bevelhimerms@ornl.gov

Bickel Samantha US Department of Energy samantha.bickel@ee.doe.gov

Bonds John bondsjb@earthlink.net

Bonheyo George Pacific Northwest National george.bonheyo@pnnl.gov
Laboratory

Brazaitis Ali BCS, Inc. alison.brazaitis@ee.doe.gov

Brown David Shaker Landing Hydro Associates softenergy@juno.com

Kinloch

Brown- Jocelyn New West Technologies jocelyn.brown-saracino@ee.doe.gov

Saracino

Brownell Greg Sacramento Municipal Utility District | greg.brownell@smud.org

Butler Elizabeth Butler Law Offices, LLC ebutler@ebutlerllc.com

Cahill Brendan Northwest National Marine brendan.cahill@fulbrightmail.org
Renewable Energy Center

Chen Charles Energetics, Inc. cchen@energetics.com

Clark Charlton US Department of Energy charlton.clark@ee.doe.gov

Cline Joel US Department of Energy joel.cline@ee.doe.gov

Cotrell Jason National Renewable Energy jason.cotrell@nrel.gov
Laboratory

Crawford Tim Sandia National Laboratories ticrawf@sandia.gov

Cross Patrick Hawaii Natural Energy Institute pscross@hawaii.edu

Culligan Devid HDR Engineering, Inc. david.culligan@hdrinc.com

Dale Jordan Energetics frank.dale@ee.doe.gov

Deng Daniel Pacific Northwest National zhiqun.deng@pnnl.gov
Laboratory

Dhanak Manhar Florida Atlantic University dhanak@fau.edu

Dougherty P.J. SMI pj@strategicmi.com
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Downer James Rensselaer Polytechnic Institute jdowner@alum.rpi.edu
Drown Peter BCS, Inc. peter.drown@ee.doe.gov
Duerr Alana New West Technologies/DOE alana.duerr@ee.doe.gov
Ela Erik National Renewable Energy erik.ela@nrel.gov
Laboratory
Eugeni Ed SRA International Edward_Eugeni@sra.com
Felker Fort National Renewable Energy fort.felker@nrel.gov
Laboratory
Fernandez Alisha BCS, Inc. afernandez@bcs-hg.com
Fisher Cameron 48 North Solutions cfisher@48northsolutions.com
Flake Scott Sacramento Municipal Utility District | Scott.Flake@smud.org
Fleming Alex Dehlsen Associates, LLC afleming@ecomerittech.com
Garcia Francisco WEDGE GLOBAL US fgarcia@wedgeglobal.com
Gasper John Argonne National Laboratory jgasper@anl.gov
Gay Paul SMI paul@strategicmi.com
Geerlofs Simon Pacific Northwest National simon.geerlofs@pnnl.gov
Laboratory
Grippo Mark Argonne National Laboratory mgrippo@anl.gov
Hadjerioua Boualem Oak Ridge National Laboratory hadjeriouab@ornl.gov
Hanna Luke Pacific Northwest National Luke.Hanna@pnnl.gov
Laboratory
Hanson David Sacramento Municipal Utility District | David.Hanson@smud.org
Hartman Liz US Department of Energy liz.hartman@ee.doe.gov
Hayse John Argonne National Laboratory hayse@anl.gov
Heibel Thomas (TJ) | BCS, Inc. thomas.heibel@ee.doe.gov
Hernandez- Bernadette | Sandia National Laboratories baherna@sandia.gov
Sanchez
Hetrick Shelaine Oak Ridge National Laboratory hetricksl@ornl.gov
Higgins Mark US Department of Energy mark.higgins@ee.doe.gov
Hoesly Ryan SRA International Ryan_Hoesly@sra.com
Hovsapian Rob Idaho National Laboratory rob.hovsapian@inl.gov
Hunt Sara BCS, Inc. sara.hunt@ee.doe.gov
Hunter Brian US Department of Energy brian.hunter@go.doe.gov
Jansson David AMIET Turbine Systems, LLC djansson@amjethydro.com
Jepsen Richard Sandia National Laboratories rajepse@sandia.gov
Johnson Gary Pacific Northwest National gary.johnson@pnnl.gov
Laboratory
Kao Shih-Chieh Oak Ridge National Laboratory kaos@ornl.gov
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Kilcher Levi National Renewable Energy levi.kilcher@nrel.gov
Laboratory
Kopf Steven Pacific Energy Ventures skopf@peventureslic.com
Koritarov Viadimir Argonne National Laboratory koritarov@anl.gov
Kunko Damian SMI/Helios damian@strategicmi.com
LaBonte Alison US Department of Energy alison.labonte@ee.doe.gov
Laird Daniel Sandia National Laboratories dllaird@sandia.gov
LaMora Andrew Topcoder/Appirio alamora@appirio.com
Lawson Michael National Renewable Energy michael.lawson@nrel.gov
Laboratory
Leahey Jeffrey NHA jeff@hydro.org
Lesster Laban RCT Systems, Inc. tlesster@RCT-systems.com
Lewis Greg Duke Energy Corporation Greg.Lewis@duke-energy.com
Linke Deborah Hydro Research Foundation deborah@hydrofoundation.org
LiVecchi Al National Renewable Energy al.livecchi@nrel.gov
Laboratory
Lowry Thomas Sandia National Laboratories tslowry@sandia.gov
Mahalik Matthew Argonne National Laboratory mahalik@anl.gov
Mauer Erik CNJV, LLC Erik. Mauer@go.doe.gov
Maurer Benjamin New West Technologies bmaurer@nwttech.com
McCalman Kerry Bureau of Reclamations kmccalman@usbr.gov
McEntee Jarlath Ocean Renewable Power Company jmcentee@orpc.co
Mekhiche Mike Ocean Power Technologies, Inc. mmekhiche@oceanpowertech.com
Mohanpurkar | Manish Idaho National Laboratory manish.mohanpurkar@inl.gov
Moller David Pacific Gas and Electric Company dxma@pge.com
Montagna Deborah Ocean Power Technologies, Inc. dmontagna@oceanpowertech.com
Morrow Mike M3 Wave, LLC mike@m3wave.com
Musial Walt National Renewable Energy walter.musial@nrel.gov
Laboratory
Nair Balakrishnan | Oscilla Power Inc. nair@oscillapower.com
Neary Vincent Sandia National Laboratories vsneary@sandia.gov
Nelson Eric National Renewable Energy eric.nelson@nrel.gov
Laboratory
Nichols Ralph Savannah River National Laboratory ralph.nichols@srnl.doe.gov
Norton Gary SRA International/DOE gary.norton@ee.doe.gov
O'Connor Patrick Oak Ridge National Laboratory oconnorpw@ornl.gov
O'Neill Sean Ocean Renewable Energy Coalition sean@oceanrenewable.com
Oakes Tim Kleinschmidt Tim.Oakes@KleinschmidtUSA.com
Paidipati Jay Navigant Consulting, Inc. jpaidipati@navigant.com

F-3




U.S. DEPARTMENT OF

Energy Efficiency &

ENERGY Renewabie Energy Appendix F
Last Name First Name Company Email

Polagye Brian University of Washington bpolagye@uw.edu

Prasad Nadipuram New Mexico State University naprasad@nmsu.edu

Previsic Mirko Re Vision Consulting mirko@re-vision.net

Ramsey Tim US Department of Energy tim.ramsey@go.doe.gov

Ranade Satish New Mexico State University sranade@nsu.edu

Reed Michael US Department of Energy michael.reed@ee.doe.gov

Reilly James New West Technologies jreilly@nwttech.com

Rhinefrank Ken Columbia Power Technologies, Inc. krhinefrank@columbiapwr.com

Richmond Marshall Pacific Northwest National marshall.richmond@pnnl.gov
Laboratory

Robinson Michael US Department of Energy mike.robinson@ee.doe.gov

Rocheleau Rick HNEI, University of Hawaii rochelea@hawaii.edu

Roos Paul AMIJET Turbine Systems, LLC pwroos@amjethydro.com

Ruane Jim Reservoir Environmental jimruane@comcast.net
Management, Inc.

Ruehl Kelley Sandia National Laboratories kmruehl@sandia.gov

Sauer Christopher | Ocean Renewable Power Company csauer@orpc.co

Schneider Abe Natel Energy abe@natelenergy.com

Shuff Stephanie Energetics stephanie.shuff@ee.doe.gov

Simon Dimetrius BCS, Inc. dimetrius.simon@ee.doe.gov

Skandan Ganesh NEI Corporation gskandan@neicorporation.com

Skudneski Sandyn SRA International sandyn_skudneski@sra.com

Smith Brennan Oak Ridge National Laboratory smithbt@ornl.gov

Smith Ron Verdant Power Inc. rsmith@verdantpower.com

Smith Brian National Renewable Energy brian.smith@nrel.gov
Laboratory

Sotiropoulos | Fotis University of Minnesota fotis@umn.edu

Spangler Brad Snohomish Public Utility District brspangler@snopud.com

Staby Bill Resolute Marine Energy wstaby@resolutemarine.com

States Jennifer Pacific Northwest National jennifer.states@pnnl.gov
Laboratory

Stehly Tyler National Renewable Energy tyler.stehly@nrel.gov
Laboratory

Stoll Hugh Shaker Landing Hydro Associates hugh@securefutures.us

Sun Chee Ryan US Department of Energy ryan.suncheefore@ee.doe.gov

Fore

Thresher Bob National Renewable Energy robert.thresher@nrel.gov
Laboratory
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Uria- Rocio UT-Battelle (Oak Ridge National uriamartiner@ornl.gov

Martinez Laboratory)

Vaughn Brenna Hydro Research Foundation brenna@hydrofoundation.org

Vega Luis HINMREC-University of Hawaii luisvega@hawaii.edu

Veselka Thomas Argonne National Laboratory tdveselka@anl.gov

Vitale Philip US Navy philip.vitale@navy.mil

Wagner Edward RCT Systemes, Inc. ewagner@rct-systems.com

Weber Jochem National Renewable Energy jochem.weber@nrel.gov
Laboratory

Wigmosta Mark Pacific Northwest National mark.wigmosta@pnnl.gov
Laboratory

Wright Christopher | Idaho National Laboratory christopher.wright@inl.gov

Wynne Jason Energetics Iwynne@energetics.com

Xun Sean New West Technologies/DOE sean.xun@ee.doe.gov

Yu Yi-Hsiang National Renewable Energy yi-hsiang.yu@nrel.gov
Laboratory

Zagona Edith CADSWES Edith.zagona@colorado.edu

Zayas Jose US Department of Energy jose.zayas@ee.doe.gov

Zhang Qin Fen Oak Ridge National Laboratory zhangql@ornl.gov

(Katherine)
Zydlewski Gayle University of Maine gayle.zydlewski@maine.edu
Hoel Jeffrey NAVFAC jeffrey.hoel@navy.mil
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