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REPORT SUMMARY

Hydropower offers expanding opportunities to increase generation based on renewable,
domestic, carbon-free technologies. This report presents a review of the possible contribution of
waterpower technologies in the near-term (by 2010) and long-term (by 2025) to the U.S.
renewable energy supply. Segments of the waterpower industry include conventional
hydroelectric plants and emerging technologies that access the energy in river and tidal currents
(hydrokinetic) as well as in ocean waves. The report documents how each segment of
waterpower technology can contribute to increased production, discusses research questions that
need to be answered to achieve the desired results, and reviews targeted economic incentives that
can spur waterpower production.

Background

The Energy Policy Act of 2005 created a stimulus to invest in conventional hydropower capacity
gains in the short run and to stimulate demonstration and testing of “next generation”
waterpower technologies. However, the case must be made for a continuum of research,
development, demonstration, and deployment (RDD&D) along with economic stimuli that
provide a stable platform to realize substantive water energy gains over the next 10-15 year
period. The act specifically directed the U.S. Department of Energy (DOE) to assess research
needs and develop a detailed roadmap for achieving the potential of the nation’s waterpower
resource. This report provides information to support the DOE’s roadmap effort.

Objective
To assess waterpower potential and development needs in support of the DOE’s Renewable
Energy Research Programs.

Approach

Investigators identified and reviewed pertinent literature, evaluated existing data sources for
potential or proposed waterpower energy programs, and consulted with industry personnel
having relevant knowledge. During this process, a number of hydroelectric project owners
provided details about capacity and efficiency projections and new incremental hydropower at
existing facilities. In addition, developers and researchers involved in the next generation
waterpower industry were consulted on potential, demonstration site status, necessary RDD&D,
obstacles to commercialization, and estimates for real deployment of capacity at commercial
quantities. The terminology RDD&D, rather than the traditional R&D (research and
development), is used herein to emphasize that in order to realize the potential of the next
generation waterpower technologies, widespread demonstration of the concepts will be essential.
Information gathered was the used to develop an Advanced Water Energy Initiative (AWEI) that
captures real energy production potential through a combined effort of committed RDD&D and



economic stimulus. Waterpower industry case studies that demonstrate success as a result of this
commitment are also included and reviewed.

Results

The potential increase in generation capacity was conservatively estimated at 23,000 MW by
2025, including 10,000 MW from conventional hydropower, 3000 MW from new hydrokinetic
technologies, and 10,000 MW from ocean wave energy devices. Achievement of this potential
could be accomplished through the following endeavors:

Establishing a public-private sector AWEI program, which would provide RDD&D guidance
and funding support of $212 million (short-term)) and $377 million through 2015. The
AWEI would be designed to achieve near-term conventional hydropower gains, while
fostering the development and commercialization of waterpower technologies that produce
energy from hydrokinetics and ocean wave resources.

Extending the Production Tax Credit (PTC) and Clean Renewable Energy Bond (CREB)
programs to 2015. These economic incentives would foster 1) investment in modernizing the
infrastructure at existing hydropower facilities, and 2) installation of new facilities at existing
dams.

In addition to these endeavors, although not evaluated in detail in this assessment, regulatory
process enhancements that expedite project licensing could also contribute to realizing the
potential of domestic hydropower energy resources. The recent technological accomplishments
of the waterpower industry, as reviewed in this report, demonstrate likely achievement of this
potential.

EPRI Perspective

This report provides information to support public and private sector energy development
planning efforts. Specifically, the potential contribution of the waterpower industry to provide
renewable, domestic energy supplies in the near- and long-term is documented and the necessary
RDD&D to realize waterpower potential is reviewed.

Keywords

Hydrokinetic Technologies
Hydroelectricity
Hydropower

Ocean Energy

Renewable Energy
Waterpower

Energy Policy Act of 2005
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EXECUTIVE SUMMARY

Waterpower includes generation from conventional hydroelectric facilities as well as generation
from the emerging technologies that access the energy potential of river, tidal, ocean and
constructed waterway currents, and the energy of ocean waves and thermal gradients. Existing
conventional hydropower generation represents 75 percent of the U.S. renewable energy
generation (over 270,000 GWH) and the opportunity exists to expand this resource. The potential
for waterpower expansion—at existing hydroelectric facilities, at dams without powerhouses, at
new small- and low-power developments, and from the emerging next generation of waterpower
technologies—is substantial, as presented and discussed herein. The potential increase in
generation capacity is conservatively estimated as 23,000 MW by 2025. This includes:

2,700 MW of new small and low power conventional hydropower
(<30 MV installed capacity);

2,300 MW capacity gains at existing conventional hydropower;
5,000 MW of new conventional hydropower at existing non-powered dams;
10,000 MW from ocean wave energy technologies; and

3,000 MW from hydrokinetic technologies.

These estimates could be significantly increased if economic incentives and regulatory
processing for the waterpower technology industry are enhanced. The overall resource potential,
based on resource assessments conducted by the U.S. Department of Energy (DOE), EPRI and
industry is estimated to range from 85,000 to 95,000 MW.

In the near term or next 5-year period, it is conservatively estimated (Table E-1) that gains

in capacity could exceed 700 MW while the next generation of waterpower technologies

are developed. Furthermore, existing conventional hydropower can also be enhanced by
improvements in generation efficiency, which has been estimated to range from 2 to 5 percent
or more. This would increase current annual conventional hydropower generation approximately
5,300 to 14,000 GWH, depending on annual hydrology (current conventional hydropower
generation ranges from an average annual low of ~261,000 GWH and an average annual high of
~293,000). By 2025, the total annual waterpower generation will see an increase of ~79,000 to
89,000 GWH, when generation from the emerging waterpower technologies is included. This
annual additional generation is equivalent to the current power needs of almost 8 million
households based on 2001 DOE residential power consumption estimates' or nearly the

current annual generation from all other renewable technologies (~89,000 GWH in 2004).

' DOE, Energy Information Agency 2001 Resident Energy Consumption Survey.
See: ftp://ftp.eia.doe.gov/pub/consumption/residential/2001ce tables/enduse consump2001.pdf
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Executive Summary

Ezioil:laEtt:d Waterpower Technology Capacity Gains, 2006-2010 (MW)
Waterpower Technology Class | 2006 2007 2008 2009 2010 | Cumulative
comygmssess | | w | 7w | 7 | s | o
New hydro at existing dams - - - - 25 25
Small and low power hydro - - - 50 75 125
Hydrokinetic - 0.2 - 4.8 110 115
Ocean Wave Energy - - 3 1 80 84
Yearly Capacity Gain (MW) 76 90.2 78 131 395 724

Realization of the potential requires a concerted effort of research, development, demonstration,
and deployment (RDD&D) by the public and private sectors. In the near-term (to 2010), the
focus is on maximizing performance of existing facilities along with new capacity additions.
This can be achieved through economic stimuli, such as Production Tax Credits (PTCs) and
Clean Renewable Energy Bonds (CREBs), and the initiation of RDD&D. Near-term RDD&D
includes programs that focus on improved environmental performance and commercialization of
new hydrokinetic and ocean energy technologies. In the longer-term, or by 2025, the RDD&D,
economic stimuli, and regulatory enhancement will achieve substantial conventional hydropower
gains. During this period, the deployment of the next generation of waterpower technologies will
also contribute by accessing the hydrokinetic and ocean energy potential.

The initiatives discussed herein support the Energy-Water Nexus Roadmap and are consistent
with the directives of the Energy Policy Act of 2005. In fact, the Energy Policy Act of 2005
(Title IX, Section 931) directs the Secretary of Energy to:

(D) Hydropower. —...conduct a program of research, development, demonstration and
commercial application for cost competitive technologies that enable the development of
new and incremental hydropower capacity, adding to the diversity of the energy supply of
the United States, including: (i) Fish-friendly large turbines. (ii) Advanced technologies
to enhance environmental performance and yield greater energy efficiencies. (E)
Miscellaneous Projects. — The Secretary shall conduct research, development,
demonstration, and commercial application programs for — (i) ocean energy,

including wave energy (...) and (iv) kinetic hydro turbines.

Commercialization of new technologies and capital-intensive energy projects requires time and
RDD&D. For example, over a nearly 30-year period (1978-2006), U.S. wind energy RDD&D
has resulted in 9,100 MW of installed wind capacity (Figure E-1). Similar long-term success is
projected from an investment in waterpower RDD&D (Figure E-2).

* Based on certified and pending filings with FERC for Production Tax Credits (PTCs) as of October 2006.

* Assumes that PTCs and Clean Renewable Energy Bonds (CREBs) are extended to 2015.
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Executive Summary
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Figure E-1
Wind Energy RDD&D Funding and Realized Capacity: 1978-2006 (DOE/EIA 2006; DOE
2006b; http://www1.eere.energy.gov/windandhydro/wind budget.html)
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Figure E-2
Estimated Advanced Waterpower Energy Initiative (AWEI) RDD&D Annual (2007 to 2015)
Funding and Capacity Gains by 2025
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Executive Summary

Analyses conducted herein have found that realization of waterpower’s potential could be
accomplished with the following endeavors:

Establishing a public-private sector program called the Advanced Water Energy Initiative
(AWEI), which would provide RDD&D guidance and funding support of $212 million
(short-term); $377 million through 2015. The AWEI would be designed to achieve near-term
conventional hydropower gains while fostering the development and commercialization of
waterpower technologies that produce energy from hydrokinetics and ocean wave resources.

Extending the Production Tax Credit (PTC) and Clean Renewable Energy Bond (CREB)
programs to 2015. These economic incentives would foster (1) investment in modernizing
the infrastructure at existing hydropower facilities, and (2) installing new facilities at existing
dams.

In addition to these endeavors, although not evaluated in detail in this assessment, regulatory
process enhancements that expedite project licensing could also contribute to realizing the
potential of this domestic energy resource.

The AWEI would provide the requisite structure and guidance for the needed RDD&D discussed
herein. This initiative addresses the needs using the successful technology development models
employed by other renewable energy sectors, such as wind and biomass. The AWEI would have
three major components (Table E-2):

1.

Waterpower Realization Committee—to provide the initial guidance and future oversight to
benchmark results of the RDD&D in terms of real waterpower capacity and generation gains.

Waterpower Performance Initiatives—RDD&D efforts that would improve the efficiency
and environmental performance of conventional hydropower technologies.

Waterpower Technology Development—RDD&D that would advance hydrokinetic and
ocean energy technology development in four program areas.

Table E-2
Advanced Water Energy Initiative Funding ($M)
Waterpower RDD&D Program Area 2007 | 2008 | 2009 | 2010 | Total
1 | Waterpower Realization Committee 1 1 1 1 4
2a | Advanced Water Energy Science 13 13 13 13 52
2b | Hydropower Environmental Performance 7 8 8 8 31
2c | Hydropower Operational Performance 6 11 11 11 39
3a | Hydrokinetic Resource Assessment 3 1 0 0 4
3b | Hydrokinetic Environmental Profiling 2 4 4 4 14
3c | Hydrokinetic Technology Improvement 8 19 23 8 58
3d | Advanced Ocean Energy Technology Development 0 0 0 10 10
Total RDD&D Funding 40 57 60 55 212




Executive Summary

Needed near-term (2007 to 2010) estimated RDD&D funding totals $212 million. The long-term
estimate through 2015 is $377 million. Implementation of this program requires reestablishing
U.S. Department of Energy (DOE) funding for waterpower research, which was eliminated
beginning FY 2007. Federal funding support would also contribute to reversing a long-term
decline in DOE’s budget authority for energy R&D, a decline that the U.S. Government
Accountability Office (GAO) has recently noted to have declined in real terms by over

85 percent since 1978".

The importance of the PTCs is based on their history of supporting capacity development in the
wind industry, as demonstrated in Figure E-3. Conventional hydropower could be expected to
follow the same economic incentive trend (Figure E-4). The next-generation waterpower—the
hydrokinetic and ocean wave energy technologies that are not yet commercial—will require
similar support to achieve their potential.
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2/02 until 10004
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Figure E-3

Effects of PTCs on Wind Power Capacity Additions: 1999-2006
(Source: American Wind Energy Association 2005)

*U.S. Government Accountability Office. Report to Congressional Requestors. Department of Energy: Key
Challenges Remain for Developing and Deploying Advanced Energy Technologies to Meet Future Needs.
December 2006. GAO-07-106.
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By moving down an RDD&D path that embraces all waterpower technologies in a

comprehensive manner, the potential presented and discussed herein can be realized. This study
estimates that a 10-year $377 million AWEI commitment (averaging $37 million/yr) can yield
23,000 MW of waterpower capacity by 2025. By comparison, the proposed 10-year AWEI
funding level is 31 percent of the 28-year funding of the wind industry ($377 million vs. $1,200
million) and could yield more than twice as much installed capacity (23,000 MW vs. 9,100 MW)

in a shorter (20-

Xii

vs. 28-year) timeframe.
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INTRODUCTION

Background

The nation continues to struggle to develop a comprehensive policy that balances the issues

of energy security and concern for global climate impacts. There is a strong recognition for a
growing need for energy as one of the main drivers of the economy. It is becoming increasingly
critical that this energy come from sources that can be relied upon and not overly subject to
outside political interests. There is equal recognition that increased energy production by
conventional methods will likely add to green house gas emission, which are likely to have
effects on the environment and the economy.

Advances in the area of wind generation over the past 30 years has shown us that non-
conventional technologies with the proper encouragement can be a significant part of the
response to both the need for increased generation and lower environmental impacts. Nameplate
wind capacity has gone from virtually zero in the 70s to ~ 10,000 MW in 2006. A series of
Federal programs of research and economic incentives has helped the wind industry achieve this
significant result. These results demonstrate that the proper combination of research, economic
incentive and supportive regulatory structure provide the necessary foundation to support the
growth of new energy generation.

In 2005, Congress enacted an Energy Policy Act in part intended to provide encouragement

for alternative energy production to respond to both the environmental concern and need for
increased energy supply. By providing the legislative basis for improved regulatory processes
and extending and, in some cases, expanding the definition for Production Tax Credits (PTCs),
Congress reaffirmed the critical partnership between industry and government to address these
co-dependent issues of environmental protection and energy production. This report is intended
to show the role that waterpower-based energy production can play in responding to the issues
of:

Increased energy production;
Offsetting greenhouse gas emissions; and

Improving the performance of technologies utilizing alternative renewable energy resources.

The report presents and discusses the definitions of waterpower technologies to include some of
the promising emerging technologies such as instream (hydrokinetic), wave and ocean current
devices. How each segment of waterpower industry can contribute to increased production is
documented, some of the research questions that need to be answered to achieve the results are
discussed, and targeted economic incentives that can spur the deployment of the production are
reviewed.
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Approach

The investigators identified and reviewed pertinent literature, reviewed existing data sources
for potential or proposed waterpower energy programs, and consulted with industry personnel
having relevant knowledge. During this process, a number of hydroelectric project owners
provided details about capacity and efficiency projections and new incremental hydropower

at existing facilities. In addition, developers and researchers involved in the next generation
waterpower industry were consulted on potential, demonstration site status, needed research,
development, deployment and demonstration (RDD&D), and obstacles for commercialization,
as well as estimates for real deployment of capacity at commercial quantities. The terminology
RDD&D, rather than the traditional R&D (research and development), is used herein to
emphasize that in order to realize the potential of the next generation waterpower technologies,
widespread demonstration of the concepts will be needed to realize generation gains. The
information gathered was the used to develop a public-private partnership called the “Advanced
Water Energy Initiative” that captures real energy production potential through a combined
effort of committed RDD&D and economic stimulus. Waterpower industry case studies

that demonstrate success as a result of this commitment are also included and reviewed.

Organization of this Report

This report is organized to provide groundwork for understanding how waterpower
(or water-based power) can contribute to the renewable energy supplies:

Section 2 is an Overview of the Waterpower Industry and contains definitions and
classifications that describe the scope of the waterpower technologies. It also reviews the
economic incentive programs that have successfully been implemented to stimulate renewable
energy development, and the status of the regulatory processes that govern development of
the waterpower industry.

Section 3 Waterpower Potential reviews and summarizes the extent of the U.S.’s
waterpower energy resource that could be exploited for domestic-renewable energy
production based on recent government and industry assessments. This includes a potential
assessment for each of the waterpower technology categories including conventional hydro,
hydrokinetics and ocean energy. The resource assessment is the basis for the estimated
generation gains that could be realized by 2025, as discussed in Section 5.

Section 4 Waterpower Technology Development Needs reviews three endeavors critical to
support waterpower development: (1) research development, demonstration and deployment
(RDD&D), (2) economic incentives, and (3) regulatory process enhancement. Included is a
review of the Advanced Water Energy Initiative including inclusive waterpower technology
development programs, near-term and long-term objectives, and estimated funding needs.
Appendix B contains the details of this proposed program.

Section 5 Waterpower Achievable Capacity Estimates examines the potential developed in
Section 3, and the required support developed in Section 4, to project a realistic, achievable
outlook of waterpower capacity and energy gains by 2025.
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Section 6 Waterpower’s Relevance to the U.S. Energy Needs reviews how waterpower
can contribute to renewable domestic energy production as well as support other forms of
renewable energy production such as from wind energy technologies.

Section 7 is a Summary of the assessment’s findings including the next steps toward
developing the waterpower resource potential.

Section 8§ contains References.

Appendix A, the Hydro Industry Experience reviews the history and accomplishments of
recent waterpower industry technology development efforts. Many of these accomplishments
form the foundation for future technology development that can access the waterpower

potential discussed herein.

Appendix B includes the details on a proposed Advanced Water Energy Initiative.
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OVERVIEW OF WATERPOWER INDUSTRY

What is Renewable Waterpower?

Waterpower is electric energy derived from moving water. It includes generation from
conventional hydroelectric facilities as well as generation from the emerging technologies that
access the energy potential of river, tidal, ocean and constructed waterway currents, and the
energy of ocean waves. A more technical categorization has recently been provided by Bedard
(2006):

Hydrostatic energy is the energy possessed by a body because of its position or location at an
elevation (or height, often called head) above a reference or datum, and the principle behind
hydropower at dams.

Hydrokinetic energy is derived from the Greek word for water (hydro) and kinetic
(of, relating to, or provided by motion). Therefore, hydrokinetic energy is the energy
possessed by a body of water because of its motion.

The potential of hydrostatic waterpower technologies — such as conventional hydropower and
pumped storage - and the next generation hydrokinetic waterpower technologies — such as
instream turbines (river, tidal, and constructed waterways) and ocean wave energy devices are
included in this assessment. In terms of water resources, this assessment considers all freshwater
bodies, natural or manmade, estuarine tidal currents, ocean currents (e.g., Gulf Stream) and
waves. The energy potential of ocean thermal resources, however, is not considered herein.

Hydropower class terminology in common use varies. The conventional hydropower class
definitions used in this document are those used in recent U.S. Department of Energy (DOE)
documents (Hall and Reeves 2006; Hall et al. 2006). The detailed definitions of the ‘next
generation’ hydrokinetic and ocean energy waterpower technologies are reviewed in EPRI
(2005a and 2005b) and Bedard (2006).

In terms of existing technology, the following definitions, more as a matter of convenience than

fundamental technology differences, are used:

Large conventional hydropower — facilities that have a capacity of more than 30 megawatts
(MW) with current installed capacity of approximately 66,500 MW.

Small conventional hydropower — facilities that have a capacity of 1 to 30 MW with current
installed capacity of approximately 8,000 MW.

Low power hydropower — facilities that have a capacity of 100 kilowatts (kW) tol MW with
current installed capacity of approximately 350 MW.
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Micro-hydropower facilities that have a capacity less than 100 kW.

Hydrokinetic technologies use waterpower conversion systems that convert kinetic
energy — natural current instream, tidal (bi-directional), and ocean current — to energy.
Three main classes of technology include:

1. Natural current instream or River Instream Energy Conversion (RISEC) refers to
technologies capturing instream energy potential at dam-less situations.

2. Tidal Instream Energy Conversion (TISEC) occurs due to the moving mass of water with
speed and direction as caused by gravitational forces of the sun and the moon on the
earth’s waters. The energy per second intercepted by an energy conversion device is a
function of the frontal area of the device, the density of the water, and the cube of the
speed of the water. This technology is bi-directional.

3. Technologies that use constructed waterways and man-made channels as conduits for
energy conversion are also possible.

Ocean energy is used to describe all forms of renewable energy derived from the sea
including wave energy, tidal energy, ocean current energy, salinity gradient energy and
thermal gradient energy. Wave energy is defined as occurring due to movements of water
near the surface of the sea. This motion carries kinetic energy, the amount of which is
determined by various parameters including the speed and duration of the wind, water depth,
fetch, seabed and tides. Wave Energy Conversion (WEC) systems are being tested worldwide
(EPRI 2005a). This assessment only evaluates ocean wave and does not consider the
potential and RDD&D for the other classes of ocean energy. An excellent glossary of
marine energy terminology utilized by the EPRI Ocean Energy Program and published

by the Carbon Trust in the UK is available at:
http://www.thecarbontrust.co.uk/ctmarine3/res/MarineEnergyGlossary.pdf

Pumped-storage hydropower with an installed capacity of approximately 21,000 MW is a
form of energy storage that uses reversible pump-turbine generators to move water from a
lower reservoir to an upper reservoir at times when demand for electricity is low. During
periods of high electrical demand, the water is released back to the lower reservoir to
generate electricity. Its flexibility and support to the transmission system make it a very
valuable energy storage resource. Because the energy used to pump the water to the upper
reservoir relies on other power (usually fossil or nuclear) sources, it is only briefly discussed
herein despite its critical role in supporting electric system reliability.

Available Economic Incentives for Renewable Development

For several decades, the energy industry, particularly the renewable energy sector, has relied on
and utilized various economic incentives to support the development of capital intensive energy
projects. These incentives stimulate investment by reducing the cost side of the equation or
increasing the benefit or value side of the equation. To reduce the costs, Production Tax Credits
(PTCs) and Investment Tax Credits (ITCs) are available to the private industry energy sector.
The corresponding public power sector economic incentive is Clean Renewable Energy Bonds
(CREBS). These cost-side incentives can be applied to reduce the costs of developing projects by
ameliorating the early year startup costs, while offsetting or deferring taxes. On the value-side of
the equation, incentives like Renewable Energy Production Incentive (REPIs) programs and
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Renewable Portfolio Standards (RPS) provide support as market incentives that value the
produced generation above existing sources. These incentives have been particularly important
to renewable technologies that are in the pre-commercialization phases of development.

Production Tax Credits (PTCs) and Investment Tax Credits (ITCs)

The investment and energy production tax credits codified in the Energy Policy Act of 1992
(EPACT 92) as recently amended by the Energy Policy Act of 2005 (EPACT 05) are particularly
important to renewable technology development. PTCs and ITCs are available only to private
developers and investor-owned utilities (IOUs). The ITC established by EPACT 92 provided
credits only for solar, geothermal, or qualifying biomass facilities. The PTC, as established by
EPACT 92, applied only to wind and certain biomass facilities.

EPACT 05 provides PTCs for electricity produced from qualifying geothermal, animal waste,
landfill gas, municipal solid waste, additional biomass resources and certain small-scale
hydroelectric operations for the first 10 years of operation for a facility constructed before
December 31, 2007. The rate provided by the PTC is 1.9 cents per kWh for wind, closed-loop
biomass, geothermal and solar. The rate is reduced to 0.9 cents per kWh for open-loop biomass
(including agricultural livestock waste), municipal solid waste (including landfill gas),
hydropower and small irrigation. The investment and production tax credits are exclusive

of one another, and may not both be claimed for the same facility.

The EPACT 05 amended the Internal Revenue Code to allow renewable energy tax credits for
qualified hydro production. FERC is responsible for certifying baseline production information
and the gain in generation derived from project improvements or additions. Qualified hydro
includes incremental production attributed to gains from efficiency improvements or capacity
additions placed into service after August 8, 2005 and before January 1, 2008 at any
hydroelectric project placed in service on or before August 8, 2005.

Clean Renewable Energy Bonds (CREBs)

CREBs deliver an incentive to public entities comparable to PTCs. A CREB is a special type
of bond, known as a “tax credit bond,” that offers the equivalent of an interest-free loan for
financing qualified energy projects for a limited term. Renewable energy generation projects
that qualify for the PTC generally qualify for CREB financing. Specifically, these projects
include wind, closed-loop biomass, open-loop biomass (including agricultural livestock waste),
geothermal, solar, municipal solid waste (including landfill gas and trash combustion facilities),
small irrigation power and hydropower. The CREB program will be available for two years
beginning January 1, 2006. It is also subject to a cap of $800 million over the two year period.

The CREB is different from the PTC in that it functions as a financing tool. In contrast, the
benefits from a PTC are received only after the facility is financed and electricity is generated.
The value of the CREB relative to the PTC varies according to the project. The PTC provides
a 10-year stream of tax credits for all of the above listed renewable generation facilities that
qualify for CREBs. As previously noted, the rate provided by the PTC is 1.9 cents per kWh for
wind, closed-loop biomass, geothermal and solar. The rate provided by the PTC is reduced to
0.9 cents per kWh for open-loop biomass (including agricultural livestock waste), municipal
solid waste (including landfill gas), hydropower and small irrigation.
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Renewable Energy Production Incentives (REPI)

Renewable Energy Production Incentives (REPI) is part of an integrated strategy in the Energy
Policy Act of 1992 (EPACT) to promote increases in the generation and utilization of electricity
from renewable energy sources, and to advance renewable energy technologies. This program,
authorized under EPACT Section 1212, provides financial incentive payments for electricity
produced and sold by new qualifying renewable energy generation facilities.

Eligible electricity production facilities are those owned by State and local government entities
(such as municipal utilities) and not-for-profit electric cooperatives that started operations
between October 1, 1993 and September 30, 2003. Qualifying facilities are eligible for annual
incentive payments of 1.5 cents per kilowatt-hour (1993 dollars and indexed for inflation) for the
first 10-year period of their operation, subject to the availability of annual appropriations in each
Federal fiscal year of operation.

Criteria for qualifying facilities and application procedures are contained in the rulemaking for
this program. Qualifying facilities must use solar, wind, geothermal (with certain restrictions
as contained in the rulemaking), or biomass (except for municipal solid waste combustion)
generation technologies. As part of EPACT 05, these incentives were extended to hydropower
(incremental at conventional hydropower sites and free flow instream, tidal, wave and ocean
current sites).

Although the effects have been relatively minor, the incentive was paid for 1,172,826 MW-hrs
of renewable energy production in 2004 (http://www.eere.energy.gov/wip/repi.html). REPI
represents another tool to encourage alternative energy production.

Renewable Portfolio Standards (RPS)

A Renewable Portfolio Standard (RPS) is a legislative requirement that obligates a retail
electricity supplier to include some amount of renewable energy resources in its electricity
generation portfolio. Retail suppliers can meet the obligation by constructing or owning eligible
renewable energy resources or purchasing the power from eligible generators. Initially, most
states adopted RPS policies as part of electric industry restructuring, but more recently a number
of states have implemented policies by legislation or proceedings that are separate from
restructuring activities. However, the one aspect of renewable portfolio standards that is
consistent is that there is no consistent standard. Each state has chosen to make the RPS different
in terms of what technologies can satisfy the purchase obligation, size limitations, and special
set-asides for some technologies.

In general, the programs are intended to provide financial incentives to developers to offset

the higher cost of bringing renewable generation on line in the form of addition payment above
base rate prices for power. In the case of waterpower technologies, this can be in the form of
premiums paid for energy supply. In some states, utilities are required to add a certain percentage
of renewable capacity or face a penalty payment to the state. In California, the penalty amounts
to $50/MWH based on adding 1 percent of new renewable capacity annually to 2020.
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Hydropower Regulatory Process

The 75,000 MW of existing conventional hydropower projects are split almost equally between
the federal projects (~37,500 MW) and those that are subject to the Federal Energy Regulatory
Commission (FERC) jurisdiction over licensing and regulatory structure (Hall and Reeves 2006).
For the approximately 37,500 MW of projects that are licensed by FERC, the compliance and
relicensing requirements represent a significant challenge in continuing cost-effective operation.
These challenges have included for many projects the length of time to obtain a license, the
uncertainties of licensing decisions, and the high costs associated with providing protection,
mitigation and enhancement (PME) measures that are required for environmental protection at
existing hydropower facilities. Through a timely multi-year Integrated Licensing Process (ILP)
(http://www ferc.gov/industries/hydropower/gen-info/licensing/ilp.asp), FERC recently
improved the licensing process to address these concerns and many others. Even with the
recently implemented process improvements, the costs of licensing and supporting studies

are a major factor in waterpower being able to achieve the potential identified herein.

Nonetheless, the length and costs of the regulatory process for new waterpower development,
either at existing dams with existing environmental footprints, or at ‘dam-less’ small and low
power facilities, is a major factor in the actual realization of the potential identified in this
report. Having said this, it is important to note that this does not have to be the case. In a recent
‘expedited’ case, 2 MW of new waterpower capacity was brought online with a 3-month FERC
licensing process at an existing dam (See appendix A for details). While this case is extreme, a

1 to 3 year time period for licensing at existing dams, within an existing environmental footprint,
may promote new conventional hydroelectric capacity additions to the national energy supply as
opposed to the 5 to10 year processes that are more typical for recent relicensing efforts.

While knowledge and experience in the FERC licensing process in the conventional hydropower
industry is extensive, the same is lacking with operators of the next generation waterpower
technologies. These new technology operators, therefore, have and will face numerous licensing
and technology deployment challenges when operating in the existing regulatory structure. Both
FERC and the U.S. Department of the Interior’s Mineral Management Service (MMS) are
currently working through the issues of how these new technologies will fit into the agency’s
existing regulatory requirement (in the case of FERC) and proposed new guidelines (in the case
of MMS). FERC currently has over 20 preliminary permit applications pending, some for
competing sites. MMS is not accepting new applications as it looks at formulating its regulatory
structure for the outer continental shelf (OCS). In both these situations, communities, technology
developers and their potential backers are in an uncertain situation as to what will be the ultimate
regulatory requirement for proposed projects, who will have final jurisdiction and how
competing agency requirements will be resolved.

For emerging waterpower technologies to be able to fulfill their potential, these issues need to
be addressed. The success of the wind energy technologies has demonstrated that one of the
keys to the successful evolution of an emerging technology is a regulatory scheme that is
proportional to the likely effects and evolves as the technologies and the information base
evolves. A proportional regulatory scheme combined with RDD&D funding and incentives
similar to other renewable technologies may provide the platform for emerging waterpower
technologies to make their rightful contribution to the nation’s energy security.
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WATERPOWER POTENTIAL

Estimates of the generation potential and the current state of development of each of the
waterpower technology classes are presented herein. This will form the basis for short- and
long-term projections of increased capacity gains that are predicated on an RDD&D effort and
economic stimuli discussed in later sections.

Existing Generating Capacity

In 2006, existing hydropower capacity was ~96,000 MW (split between ~75,000 MW of
conventional capacity and 21,000 MW of pumped storage capacity). Hydropower accounted for
nearly 9 percent of the country’s total electric generating capacity and over 75 percent of the
country’s renewable energy generation (DOE/EIA 2006). Table 3-1 provides a breakdown of
the generating capacity by size and number of facilities.

Table 3-1
Installed Existing Hydropower Capacity (Source: Conner et al. 1998; Hall and Reeves 2006)
Hydropower Installed
Class MW Range No. of Plants Capacity (MW)
Large >100 - 253 ~ 65,780
Conventional
Medium 30-100 ~ 92 ~ 756
Small 1-30 1,179 8,023
> 100 kW and

Low Power <1 MW 864 313
Microhydro <100 kW - -
Total 2,388 74,872
Pumped Storage' No Available Not Available ~21,000 MW'

' Pumped-storage capacity it is usually considered an energy storage resource.

Conventional Hydropower Potential

Several recent studies have assessed some of hydropower’s future potential (Conner et al. 1998;
EPRI 2004, 2005a and 2005b; Hall et al. 2004, 2006; DOE 2006a). This includes potential that

could be tapped at existing plants and by developing potential resources with new technologies.
The resource potential of conventional hydropower capacity in the following three categories is
subsequently discussed:

Additional capacity at existing hydroelectric plants
Development of new small and low power hydroelectric plants

Development of new of hydroelectric capacity at existing dams without powerhouses
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A fourth category of potential improvement includes the potential gains in generation efficiency
at existing hydroelectric facilities. Table 3-2 summarizes the estimated additional capacity for
conventional hydropower.

Table 3-2
Waterpower Existing and Estimated Potential Capacity (MW)
Waterpower Technology 2006 MW Potential MW
Conventional Hydro
Large Hydro (>30 MW) 66,535 (8,100)'
ﬁ;(;)ricity Gains at existing large and small ~100? 4.,300°
New Small hydro (>1 MW <30) 8,023 36,000°
New Low power hydro (<1 MW°) 313 22,000°
New hydro at existing dams - (16,700)’
Total conventional hydro 74,871 62,300
Hydrokinetic
Tidal instream Demos 300°
Instream and constructed waterways - 12,500°
Total hydrokinetic potential - 12,800
Ocean Energy
Ocean wave Demos 10,000 - 20,000
Ocean current - No data
Pumped Storage 21,000 Resource not assessed
Total Existing and Potential Waterpower 95,971 85,100 - 95,100

' Estimated equivalent capacity addition at existing facilities due to generation efficiency gains based on industry expectation of
4 percent improvement. This value is included in the subsequent row for large and small hydro and is, therefore, excluded
from the total.

? Based on estimates for gains being considered by FERC as certified for PTCs.
° 1998 estimate by DOE (Conner et al. 1998) includes capacity gains from adding new units in existing bays or larger turbines.

* Corresponds to 18,000 MWa (mean annual power) estimated by DOE (Hall et al. 2004; DOE 2003) and assumes a
50 percent plant factor.

® Included potential defined as conventional, unconventional and microhydro power by DOE (2003).

® Corresponds to 11,000 MWa (mean annual power) estimated by DOE (Hall et al. 2004; DOE 2003) and assumes a
50 percent plant factor.

” This 1998 figure corresponds to the potential at 2,500 of the more than 79,000 dams in the U.S. and therefore should be
considered an ultra-conservative estimate (Conner et al. 1998). It is likely to be included in the 2006 estimates of potential
noted above and therefore is excluded from the totals.

® EPRI (2005b) examined the tidal instream potential for only 5 states.

° A study of U.S. instream potential was made in 1986 (Miller et al. 1986). It did not include an assessment of constructed
waterways. It is unclear whether this estimate is MW or MWa and is shown as the smaller figure.

' As estimated by EPRI (2005a); the potential could be significantly higher because EPRI (2005a) assumed that only
15 percent of the potential energy could be extracted.
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Additional Capacity at Existing Hydroelectric Plants

DOE (Conner et al. 1998) identified 4,300 MW of capacity potential available at existing
hydroelectric facilities within the public and private sectors. This potential does not include
generation gains that result from efficiency improvements. It is based on equipment additions
(e.g., addition of a turbine to an open bay) or increased water usage (e.g., addition of a larger
turbine) that results in additional or incremental hydropower capacity. These gains are often
achieved during up-rating that occurs through modernization, relicensing, or a restart from a
mothball or retirement status. The implementation of these capacity additions is particularly
sensitive to improvements in hydropower turbine technology and the availability of economic
incentives to support financing the improvement.

Development of Small and Low Power Hydropower

DOE (Hall et al. 2006) estimated the potential for these two categories of conventional
hydropower as 29,438 MWa, which included 10,988 MWa for low power class (<1 MWa) and
18,450 MWa for the small hydropower class (between 1 and 30 MWa). The 10,988 MWa for the
low power class is further subdivided into subclasses using conventional turbines (21 percent),
micro-hydropower (<100 kW) (10 percent), and unconventional systems (6 percent), which may
or may not require hydrokinetic type turbines to develop.

This total of 29,438 MWa’ is an annual average power and not capacity like the numbers noted
previously in the text. This corresponds to a capacity potential of 58,000 MW. DOE (Hall et al.
2006) also noted that their stream-based resource assessment did not identify whether there was
an existing dam at the potential project sites. The potential capacity probably includes much if
not all of the 16,700 MW of potential at dams without power that was the subject of an earlier
DOE study (Conner et al. 1998). The 16,700 MW is not included, therefore, in the total
waterpower potential (Table 3-2).

Development of New Hydropower at Existing Dams

DOE (Conner et al. 1998) identified 16,700 MW of additional hydropower capacity that is
available by adding hydropower to non-hydropower dams where it is environmentally and
financially prudent to do so. This estimate corresponds to the potential at only 2,500 of the more
than 79,000 dams in the U.S. and, therefore, should be considered an ultra-conservative estimate
(Conner et al. 1998). Subsequent DOE studies conducted on small and low power hydropower
resource assessments likely include this estimate, therefore, it is not included in the totals
presented in Table 3-2.

® MWa is the average annual power production potential. Since most conventional hydroelectric plants use only a
portion of the available water flow, power plants are usually sized to reflect this difference. In order to compare
these estimates with previous DOE studies, a nameplate rating of approximately twice the production potential has
been used herein.

3-3



Waterpower Potential

Generation Efficiency Gains (Equivalent Capacity)

DOE (Hall et al. 2003) reported that a 6.3 percent generation increase could be achieved from
efficiency improvements if plant units fabricated in 1970 or prior years having a total capacity
of 30,965 MW are replaced. Based on work done for the Tennessee Valley Authority (TVA)
and other hydroelectric plant operators, a generation improvement of 2 to 5.2 percent has also
been estimated for conventional hydropower (75,000 MW) from installing new equipment

and technology, and optimizing water use (March 2005a and 2005b; personal communication,
Patrick A. March, Principal Consultant, Hydro Performance Processes Inc., October 10, 2006).

In order to compare these potential generation estimates, an equivalent capacity calculation is
required. This is accomplished by taking an average annual hydropower generation, increasing
it by the estimated annual generation gain (2 to 6.3 percent, as noted above), dividing by 8,760
hours in a year and adjusting for a average hydropower capacity factor of 40 percent

(DOE estimates a capacity factor range of 40-50 percent; see
http://hydropower.inel.gov/hydrofacts/plant costs.shtml) to result in an ‘equivalent capacity
addition’ value in MW as follows:

The long-term (1995-2005) average annual hydro generation is 291,000 GWH

(EIA 2006; see http://www.eia.doe.gov/emeu/aer/contents.html), but varies widely with
annual hydrology (e.g., 2004 data shows 268,000 GWH) and is produced by approximately
75,000 MW operating at a capacity factor of 40-44 percent.

The reported potential range for efficiency gains is 2 to 6.3 percent (NOTE: tests to date
indicate that higher efficiency gains may in fact be possible — tests on the new Wanapum
advanced hydropower turbine have found a 4 percent efficiency gain). For purposes of
this calculation, a 4 percent gain is assumed.

A 4 percent gain in average annual hydropower generation results in a total generation
increase to 302,600 GWH or approximately 11,000 GWH per year improvement.

Based on a capacity factor of 40 percent, 3,100 MW is the ‘equivalent capacity addition’
from generation of 11,000 GWH.

Total Conventional Hydropower Potential

Table 3-2 summarizes the total resource potential for conventional hydropower as 62,300 MW
which would be an 83 percent increase in installed capacity. Based on the assumptions used, the
estimate is considered conservative and, furthermore, this estimate does not include equivalent
capacity additions from efficiency improvements presented in the previous subsection.

Hydrokinetic Energy Potential

The assessment of water resources with hydrokinetic energy potential has been limited to date,
although the preliminary studies indicate a significant resource is available. Tidal Instream
Energy Conversions (TISEC) potential was examined in a series of EPRI (2005b) studies.

The studies examined the potential for only five states (Alaska, Washington, Oregon, Maine,
and Massachusetts) and several sites in Canada. The total resource potential for these locations
amounts to approximately 300 MW.
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Waterpower Potential

The potential of natural river instream conversion (RISEC) using ‘dam-less’ technologies has
also only been investigated on a limited basis. A 1986 study (Miller et al. 1986) estimated

the total potential as 12,500 MW although it is unclear if this means annual energy MWa° or
capacity. If annual generation, this would imply a capacity of 25,000 MW at an average capacity
factor of 50 percent. Because of the uncertainty, this assessment conservatively assumes the
lower value of 12,500 MW. The uncertainty of this estimates, and the lack of a clear definition
of the resource clearly points to the need for further research.

Water flow in man-made channels or constructed waterways (irrigation and water supply canals)
is another form of hydrokinetic potential; however, no assessment of the extent of the resource
has been made to date.

Ocean Energy Potential

Ocean energy includes energy extracted from waves, tidal flow, ocean currents (e.g., Gulf
Stream), salinity gradients and ocean thermal gradients. This assessment, except for energy from
tidal sources as previously discussed, focused only on the potential, status and needed RDD&D
of ocean wave energy.

EPRI (2005a) examined the potential for the development of this technology for domestic energy
supply. Based on an assumed capacity factor of 15 percent, EPRI (2005a) estimated that 10,000
to 20,000 MW of wave energy capacity is available. Some key attributes of ocean energy as
compared to tidal energy are (Bedard 2006b):

Wave Energy Key Attributes Tidal Energy Key Attributes
High power density High power density
Forecasting possible at an hourly and even daily Long term predictability and reliability based
scale on lunar cycles

Minimal aesthetic issues — technologies have low
freeboard or profile and are deployed at or over the | Minimal aesthetic issues — submerged
horizon

Smaller resource, though potential not fully

Large resource
assessed

Pumped Storage Potential

The pumped-storage facilities currently in operation amount to 21,000 MW of installed capacity.
Many facilities have undergone FERC relicensing and modernization and represent to their
owners an extremely significant system resource for energy storage, stability, reliability,

and ancillary services. There has not been any recent assessment of the U.S.’s pump storage
potential. While several large pumped storage projects were investigated and licensed in the

* MWa is the average annual power production potential. If the report examined MWa the comparable MW value
would be approximately twice the potential.
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1990s, they were not constructed due to the inability to justify market incentives to cover the
large capital and environmental costs associated with their construction and operation (Stewart
and Lindell 2005). This was before the institution of RPSs and more significant intermittent
renewable generation development. Future development of pump storage including its
integration with intermittent renewable energy technologies such as wind turbines could be a
significant contribution to our domestic energy portfolio. Wind energy advocates have
identified the need for wind/hydropower integration (i.e., more storage) as a means to

solve intermittency problems and support the further expansion of wind resources

(see: http://www .eere.energy.gov/windandhydro/hydro sys integ tech.html#renew).

Summary of Waterpower Potential

Table 3-2 summarizes the potential by technology or resource category for additional

national waterpower capacity. Included is an estimate for generation gains due to efficiency
improvements, expressed as an ‘equivalent capacity addition’ value, at existing hydro facilities.
This generation improvement of approximately 11,000 GWH per year is equivalent to capacity
addition of 3,100 MW (assuming a 40 percent capacity factor). This equivalent value is likely
included in DOE’s (Conner et al. 1998) potential capacity estimates for large and small hydro
and, therefore, is excluded from the total potential estimate.
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4

WATERPOWER TECHNOLOGY DEVELOPMENT
NEEDS

The estimates of the waterpower resource potential described in the previous section are not
likely to be attained without a concerted effort of RDD&D, economic incentives and regulatory
changes. These are described herein and lay the framework for the estimates of realized
waterpower capacity that follow in Section 5.

Research, Development, Demonstration, and Deployment Needs

The RDD&D efforts discussed herein are a precursor to a more thorough DOE assessment
consistent with the directive in the Energy Policy Act of 2005. Specifically, EPACT 2005
(Title IX, Section 931) directs the Secretary of Energy to:

Conduct a program of research, development, demonstration and commercial
application for cost competitive technologies that enable the development of new and
incremental hydropower capacity, adding diversity of the energy supply of the United
States, including: (i) Fish-friendly large turbines. (ii) Advanced technologies to enhance
environmental performance and yield greater energy efficiencies. (...) The Secretary
shall conduct research, development, demonstration, and commercial application
programs for — (i) ocean energy, including wave energy (...) and (iv) kinetic hydro
turbines.

This Congressional intent is conflicted by the fact that effective FY 2007, the DOE budget
authority for hydropower research has been eliminated. The intent is also inconsistent with a
long-term decline in federal funding for energy R&D. In fact, since 1978, DOE’s total budget
authority for energy R&D has declined by over 85 percent (GAO 2006). Margolis and Kammen
(1999a,b and 2001) note a similar trend (58 percent decline between 1980 and 1995); however,
more importantly they note the importance of R&D to technology development by documenting
the correlation between R&D spending and patent application. Margolis and Kammen (1999a,b
and 2001) found that inputs (R&D funding and research infrastructure) and outputs (innovations
in energy technologies) are closely linked, and that the energy sector under-invests relative to
other technology-intensive sectors of the economy. In fact, the high-tech drugs and medicine,
professional and scientific equipment, and communication equipment sectors all exhibit R&D
intensities that are more than an order-of-magnitude above the 0.5 percent of sales devoted to
R&D in the energy sector. Establishing and RDD&D program, as subsequently discussed,
therefore, is essential to realization of the waterpower industry’s potential.

4-1



Waterpower Technology Development Needs

The following highlights key RDD&D needs including a reasonable schedule to attain realistic
capacity gains in each of the waterpower technology areas. Specific topics included:

Background on previous waterpower RDD&D.
RDD&D program needs.

Overview of a potential Advanced Water Energy Initiative (AWEI) program to guide
technology and manage waterpower technology development.

Previous Waterpower RDD&D Programs

Conventional Hydropower

The DOE Hydropower Program has supported research and development since 1976 to improve
operation and development of hydropower facilities in the U.S. Since inception, the program
has supported R&D for low power systems, research on environmental issues and mitigation
practices, development of advanced and environmentally friendly hydropower turbines and,
more recently, waterpower resource assessments. These DOE programs have been successful in
stimulating the hydropower industry to develop new hydropower efficiency methods and fish-
friendly turbine designs, however, the most recent DOE multi-year plan (DOE 2003) outlined a
completion strategy that was not funded. The consequences of this non-funding have resulted in
a failure to attain the potential the U.S. waterpower resources offer. Table 4-1 summarizes the
DOE proposed annual (FY 04-10) hydropower research and development appropriation request;
however, effective with FY07, program funding was discontinued.

The DOE Hydropower Program’s current biennial report for FY 2005-2006 (DOE 2006a)
summarizes the accomplishments to date, however, the history of DOE funding of waterpower
RDD&D has been at significantly lower levels than other renewable technologies. The 2006 and
2007 DOE commitments have been directed at closing the program completely (see Section 6).

E?)bléeH‘ly-;ropower Multi Year Funding Profile (Millions $) (Source: DOE 2006a)
DOE Activity FY04 | FYO5 | FY06 | FYO7 | FY08 | FY09 | FY10
Advanced Hydropower Technology 5.6 2.8 3.3 2.9 3.2 3.3 2.0
Supporting Research and Testing 1.1 2.0 1.9 2.2 1.2 1.1 0.5

Systems Integration and

Technology Acceptance 0.5 1.7 1.7 1.8 2.5 2.5 1.5

Supporting Engineering and 03 | 09 | 06 | 06 0.6 06 | 06

Analysis
Total Multi Year Technical Plan 7.5 7.4 7.5 7.5 7.5 7.5 4.6
Actual Appropriations 4.6 4.9 0.5 TBD TBD TBD | TBD
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Hydrokinetic

The EPRI (2005b) tidal energy reports represent the only recent U.S. RDD&D conducted in this
area. These reports were a result of a public (state and provincial government) — private (utility)
collaboration to examine the hydrokinetic resource with some in-kind support at the federal
level. There has been no federally funded direct RDD&D in this area, and some limited state-
funded efforts at initial demonstrations are pending. Moreover, as documented in previous
sections, there clearly is an increasing need to examine the potential resource in detail.

After the completion of the EPRI tidal instream reports, a great deal of activity was noted in the
filing of FERC preliminary permits for nearly 22 tidal and wave current projects (FERC 2006).
At least 21 utilities, public power producers, cooperatives and developers are currently active
with this technology. While this activity is significant, the technology is still considered
pre-commercial and in the testing phase.

Verdant Power is deploying the first tidal demonstration project in U.S. The Roosevelt Island
Tidal Energy (RITE) Project is being developed in the East River in New York City. Two 200
kW demonstration project turbines were deployed in late 2006. Four more units are scheduled of
deployment in March 2007. Verdant will conduct 18 months of studies to assess, among other
items, the environmental impacts of turbine operation. Verdant intends to file a FERC license
application that could be expanded to 300 turbines capable of generating a total of 10 megawatts,
enough power for about 8,000 average U.S. homes.

Ocean Energy

The 2006 EPRI (2005a) ocean energy reports represent the only RDD&D conducted in

the U.S. in this area. These reports were a result of a public (state and provincial government) —
private (utility) collaboration to examine the ocean energy resource with some in-kind support at
the federal level. There has been no federally funded RDD&D in this area, and some limited
state-funded efforts at initial demonstrations are pending. Internationally, however, there have
been several programs of RDD&D directed at examining the ocean energy resource,

these include programs sponsored by the United Kingdom’s Department of Trade

and Industry (http:/www.supergen-marine.org.uk/page.php?5), the Carbon Trust
(http://www.carbontrust.co.uk/default.ct)and most recently proposals for marine

energy development projects sponsored by the Scottish

Executive (http://www.scotland.gov.uk/Topics/Business-
Industry/infrastructure/19185/ROSConsWaveTidal06PDFEP).

EPRI (2005a) reports that the wave (and tidal) technologies have a pre-commercial development
status as compared to wind technologies which are much more mature and considered
commercial. Demonstration units (rated at 500-1,000 kW; enough for 225-380 homes)

still need to be deployed and tested. Commercial sizing is based on producing 300,000
MWH/year which will be achieved through clusters of wave energy conversion (WEC) devices.
A possible configuration includes 180, 750 kW devices to produce a 135 MW wave farm plant.
By comparison, a similar 2 or 3 unit 135 MW run-of-river conventional hydropower plant at

40 percent capacity factor yields approximately 470,000 MWH/year.
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Waterpower Technology Development Needs

Several recent filings for preliminary permits for ocean energy projects have been made to
FERC. These projects are pilot-scale projects intended to assess technology performance and
preliminarily examine potential environmental impacts. Example projects include (EPRI 2005a):

AquaEnergy’s Makah Bay Offshore Wave Energy Pilot Project — a proposed 1 MW pilot
wave energy project located off the coast of Washington State. The project will consist of
four buoys generating 250 kW each. The project is currently in the FERC licensing process
(http://elibrary.ferc.gov/idmws/search/results.asp; initial letter of intent filed with FERC
April 23, 2002).

Ocean Power Technologies’ (OPT) Reedsport Wave Park — a proposed 50 MW project off
the coast of Oregon. The FERC preliminary permit application was accepted in July 2006
and permit issuance is pending (http://elibrary.ferc.gov/idmws/search/results.asp; preliminary
permit application filed July 14, 2006).

Waterpower Information Sources for RDD&D Programs

The waterpower industry has been examining RDD&D needs and opportunities since the early
1990s; not only to support the Department of Energy — Hydropower program funding requests,
but also to identify research needs in both the public and private sectors. Multiple sources of
information exist from several recent forums, as subsequently discussed, which have examined
conventional hydropower as well as the new waterpower technology development needs.

Conventional Hydropower

Most recently, the waterpower industry has participated in a National Energy-Water Roadmap
Program (http://www.sandia.gov/energy-water/roadmap _process.htm) initiated in 2005, as
requested in Congressional FY 2005 appropriations. The purpose of the Energy-Water Roadmap
Program is to assess the effectiveness of existing programs within DOE and other Federal
agencies in addressing energy and water related issues, and to assist the DOE in defining the
direction of research, development, demonstration, and commercialization efforts to insure that
the following are adequately and efficiently being addressed in the future:

1. Energy-related issues associated with providing adequate water supplies, optimal
management and efficient use of water, and

2. Water-related issues associated with providing adequate supplies, optimal management
and efficient use of energy.

The primary product from the Energy-Water Roadmap process will be a report published in late
2006 summarizing needs, prioritization criteria, major gaps, innovative technical approaches and
associated research needs, R&D priorities and strategies, and associated policy, regulatory, and
economic assessments (DOE Sandia National Labs 2006).

In May 2006, the waterpower industry along with multi-disciplinary science and government
agency representatives participated in a Technological Innovations Forum that was conducted
to identify various R&D projects that would support energy-water development in the future.
The results of the Renewable Energy (Group 5) Technical Innovations R&D programs were
published in October 2006 (DOE 2006a) and included several key recommendations for
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Waterpower Technology Development Needs

conventional hydropower improvements and new hydrokinetic technologies, in terms of site
assessments and demonstration support. The details of the programs formed the basis (and
format) for much, but not all of what is contained in the proposed AWEI (Appendix B). The
results of the Renewable Energy Group Technical Innovations R&D programs will be a part
of the Energy —Water Nexus report to Congress that is due in December 2006 (DOE in press).

Other sources of information on the conventional hydropower RDD&D needs are included in:

The 2003 DOE Hydropower Multi-Year Technical Plan (DOE 2003) that identified
~$7.5million of RDD&D commitment to hydropower technologies through 2010;

The DOE Hydropower Program Biennial Report for FY 2005-2006 (DOE 2006a);
Hydropower industry R&D forum reports (HCI 2002, EPRI 2002).

Hydrokinetic Technologies

The ongoing EPRI Tidal In Stream Energy Conversion (TISEC) program (EPRI 2005b) outlined
several areas for research and development, including institutional support such as financing,
permitting, public awareness, monitoring global progress, device cost reduction studies,
improvements in efficiency and reliability, identification of sites, electrical interconnection with
utility grids and controls, and studies of effects of technology on environment. In September
2006, EPRI also submitted a proposal to DOE that identified four specific studies needed to
advance the development of TISEC and River (RISEC) technologies; while meeting the Section
913 requirements of EPACT 2005, including resource site surveys and feasibility studies.

Additional information sources on RDD&D needs include:

The Energy-Water Nexus Program (http://www.sandia.gov/energy-water/) - Renewable
Energy Group Technical Innovations R&D included several work items (5-9b and 5-11)
dedicated to resource assessment and technology demonstration of hydrokinetic resources;
including man-made channels. This report was due to be delivered to Congress in December
2006 (DOE 2006a);

“What’s the Future of Instream Flow?” a recent paper in HydroReview (Coutant and Cada
2005) that particularly focused on the environmental challenges that must be overcome or
addressed to advance instream flow technology development and deployment;

Ocean Renewable Energy Coalition (OREC)(http://www.oceanrenewable.com/)
recommendations for needed hydrokinetic and ocean research presented to the Departments
of Energy and Interior (OREC 2006a, 2006b); and

Hydropower Industry R&D Forum reports (HCI 2002, EPRI 2002).

Ocean Energy Technologies

EPRI Wave and Tidal Energy Conversion reports (EPRI 2005a and b) identified RDD&D needs,
including studies on:

Institutional support for financing, permitting, public awareness, monitoring global progress.
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Wave Energy Conversion (WEC) device cost reduction.
Improvements in efficiency and reliability.

Identifying demonstration and deployment sites.
Electrical interconnection with utility grids and controls.

Effects of technology on marine life and shoreline processes.

As a follow-up to these recommendations, a recent EPRI (2006) proposal to DOE identified
three specific wave energy resource studies to advance the technology for wave energy
resources, site surveys and feasibility. In addition, it included an examination of hybrid
wind-wave systems and the preparation of an Ocean Energy Roadmap (consistent with the
requirements of EPACT 2005, Section 913).

Two other sources of information for RDD&D needs for ocean energy technology development
include:

The Ocean Renewable Energy Coalition (OREC) recommendations for $60 million of
funding by 2010 (OREC 2006a, 2006b);

International activities — the experience and commitment to an advanced ocean energy
research program being conducted overseas that incorporates a number of programs to
bring ocean technologies to the full commercial potential (e.g., http://www.supergen-
marine.org.uk/news.php).

While the U.S. program has consisted of efforts primarily by individual waterpower developers,
ocean energy research in the United Kingdom has received significant government funding. This
funding provides a benchmark of the level of effort that the U.S. may need to invest to develop
technologies to access its ocean energy resources. The UK has invested and completed ocean
energy research amounting to (personal communication - Gary Shanahan, Director, Emerging
Technologies for UK Department of Trade & Industries):

25 million pounds from 1999 to 2005 (~$47 million).
50 million pounds from 2006 to 2008 (~ $95 million).
42 million pounds to support developed prototypes (not R&D) (~$80 million).

8 million pounds to support infrastructure projects and address environmental issues
(~$15 million).

The UK’s Carbon Trust (http://www.carbontrust.co.uk/about) has also supported a project of

3 million pounds ($5.7 million) on ocean energy research and the Scottish Executive recently
unveiled new proposals to support marine energy development projects. This includes an

8 million pound (~$15 million) investment to kick-start the Scottish marine power industry and a
further 6 million pound (~$11.4 million) investment fund to support Scottish firms wishing to
develop marine power technologies.
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Waterpower Technology Development Needs

Proposed Advanced Water Energy Initiative (AWEI)

FY 2006 closeout of the DOE hydropower research program leaves several unfinished projects,
many objectives unattained, and no research foundation to support and develop the technologies
to access the U.S.’s instream and ocean renewable energy resource. This has occurred despite the
clear Congressional mandate in EPACT 2005 for additional hydropower research. Closeout of
the DOE hydropower program and failure to appropriate funds to address the EPACT 2005
hydropower provisions is forcing the waterpower industry to take a hard look at program
accomplishments, program failures and the basic applied science and technology demonstration
that is still needed to achieve realistic waterpower gains from all three classes of waterpower
technologies. This may be best accomplished by re-inventing a public-private sector
collaborative as the Advanced Water Energy Initiative (AWEI). This initiative would address
the needs using the successful technology development models employed by other renewable
energy sectors such as wind and biomass.

An Advanced Water Energy Initiative (Appendix B) would have three major components:

Waterpower Realization Committee—to provide the initial guidance and future oversight
to benchmark results of the initiative in terms of real waterpower capacity potential and
generation gains that are a result of RDD&D.

Waterpower Performance Initiatives—RDD&D efforts that improve the efficiency and
environmental performance of conventional hydropower technologies. This is summarized
in three program areas:

WPRD 1 Advanced Water Energy Science;
WPRD 2 Hydropower Environmental Performance;
WPRD 3 Hydropower Operational Performance.

Waterpower Technology Development —RDD&D that would advance hydrokinetic
and ocean energy technology development in four program areas:

WPRD 4 Hydrokinetic Site Assessment;

WPRD 5 Hydrokinetic Environmental Profiling;
WPRD 6 Hydrokinetic Technology Improvement;
WPRD 7 Advanced Ocean Energy Programs.

A detailed presentation of each of these programs is contained in Appendix B. Near-term

(2007 to 2010) and long-term (by 2015) funding needs, and the benefits that would result from

each programmatic area are presented in Table 4-2 and graphically in Figure 4-1. This program
amounts to a commitment of $212 million for the short-term (2010) and a total commitment of

$377 million to support efforts through 2015. Although front end loaded, the program identifies
research needs of less than $38 million/year.
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Table 4-2
Advanced Water Energy Initiative Project and Funding Detail
ID Title iog;'?g&()’ I;Jn"‘)' By Benefits
Waterpower Realization Committee 4 9 All Technologies
1-A Water Energy Science 24 32
WPRD 1 | 1-B Meteorological forecasting and optimal dispatch 8 14 All technologies
1-C Integration and control of renewable energy technologies 20 32 All technologies
2-A Complete design, testing of fish-friendly turbines 16 24 Eg\)/virg:\g(laonptrar:grirformance and
WPRD 2 | 2-B Bioengineering for fish passage and mitigation 8 12 Supports existing/ new units
2-C Water quality mitigation technology 4 5 Supports existing/ new units
2-D Advanced weirs for flow re-regulation and aeration 3 3 Supports existing/ new units
3-A Hydro operation decision support analysis 16 24 All technologies
WPRD 3 | 3-B Demonstration testing of advanced hydro turbine systems 15 25 Sﬁ\ﬂ?g:;;:\fti;: T)Zi?ﬁ::gi;nd
3-C Advanced electrical equipment for renewable integration 8 13 All technologies
WPRD 4 | Hydrokinetic resource assessment 4 4 All hydrokinetic technologies
WPRD 5 | Hydrokinetic environmental profiling 14 34 All hydrokinetic technologies
WDRD 6 I;Ig/r(]i(;ﬂ(ti)netic technology improvement (instream, tidal, 58 86 Al hydrokinetic technologies
WPRD 7 | Advanced Ocean Energy 10 60 Ocean technologies
Achieves up to 23,000 MW
Total AWEI RDD&D Program 212 377 and possibly more of

Waterpower by 2025
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Figure 4-1
Advanced Water Energy Initiative Funding 2007 to 2015

Economic Incentives

Since enactment of EPACT 2005, the hydropower industry has been able to use the incentives to
spur the expansion of existing hydro plants. Appendix A discusses several of the projects that
have taken advantage of this program. However, it is unrealistic to expect that the addition of
generating units to existing hydropower projects and non-hydro dams can occur within the
relatively short (28-month) timeframe allowed because of the long lead times associated with:

Project design;
Permitting and licensing; and

Fabrication and installation of major components.

In an October 2006 update of activity under the PTC and CREB programs, the National
Hydropower Association (NHA 2006) conducted an ad hoc survey of its membership regarding
development plans. The results are summarized in Table 4-3. The survey indicates that at least
166 MW of capacity gains can be achieved during the 28-month window. More importantly,
nearly 450 MW of planned projects need an extension of the PTC deadline to qualify. Similarly,
CREBS applications represent an additional 175 MW of new waterpower capacity that could be
achieved with incentive timetables that better match the permitting, design and fabrication
realities.
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Table 4-3
Hydropower Applications and Estimated MWs for PTCs and CREBS — October 2006
(Source: National Hydropower Association)

PTC/CREBs Status # of Projects MWs
Projects FERC certified 5 76
Certification pending 8 15
Projects that intend to file for certification 11 75
Total by January 2008 24 166

Additional results that could be achieved with balanced timetables

CREB applications 2+ ~175

Projects that need PTC extension to make application 13 ~445

Economic incentives like PTCs and CREBS are directly linked to capacity and efficiency
development. It is clear from the experience of the wind energy industry that PTCs promote
development. According to the American Wind Energy Association (AWEA 2006), as shown on
Figure 4-2, capacity growth in the wind energy industry significantly increases when PTCs are
available and growth abruptly slows when economic stimuli are not available. This pattern has
also been noted in a recent Government Accountability Office (GAO 2006) study where they
report that the uncertainty about the PTC’s availability has created a ‘boom-and-bust’ cycle for
installing new wind power capacity — installation of new capacity fell dramatically in years when
the authorization for the tax credit expired and its renewal was delayed, as compared with

years when it was available without interruption. This pattern is also true for the waterpower
industry—or any renewable energy technology where uncertainties and risks prevail in the

early years of demonstration and commercialization.

Growth in wind development has been due to a combination of technology improvement (aided
by research support) spurred by direct incentives as seen in Figure 4-2. Both conventional and
emerging waterpower technologies can be expected to follow similar patterns. In the case of
conventional hydropower, because of its more established status it is positioned to immediately
respond to appropriately timed economic stimuli.
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Figure 4-2
Effects of PTCs on Wind Power Capacity Additions: 1999-2006 (Source: American Wind
Energy Association)

Regulatory Support

It has taken over 100 years to develop the 75,000 MW of conventional hydropower capacity in
the U.S. Approximately 37,500 MW of this existing capacity is regulated by FERC (Hall and
Reeves 2006). Two of the key drivers affecting the estimate of potential capacity gains are (1)
the timeframes for development of capital intensive projects and (2) environmental impact
protection, mitigation and enhancement (PM&E) in part due to regulatory timeframes and the
long lead times needed for capital-intensive waterpower projects. The following subsections
describe the implications of regulatory timeframes on project implementation.

Timeframes for RDD&D to Effect Performance Improvements

The Grant Public Utility District (PUD) Wanapum Advanced Hydropower Turbine System
(AHTS) program (http://www.gcpud.org/aboutus/news.htm#advanced) is an example of the
present day commercial demonstration and testing timeframes in a FERC regulatory framework.
The Wanapum Project is located on the Columbia River has had long-term issues associated with
protecting downstream migrating juvenile Pacific salmon (Brown and Garnant 2006). By the
1990s, Wanapum’s turbines needed major rehabilitation or replacement because of several
structural and hydraulic deficiencies. Salmon protection issues and the need for turbine
replacement led Grant County PUD engineers and biologists to consider potentially solving

two issues at once via installation of an environmentally advanced hydropower turbine

design developed in the DOE hydropower program (Cada 2001; Coutant et al. 2006)(also see:
http://hydropower.inel.gov/turbines/index.shtml). The design and implementation of the AHTS
program at the 10 turbine unit project required both FERC and federal and state resource agency
approval including year-long testing and monitoring periods.
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The total timeframe encompassing 14 years will be as follows:

Year 1-5 Design, manufacture and baseline biological evaluation in support of a
FERC license application for the project.

Year 6 Phase I installation (2005) of a single 90-MW advanced or “fish friendly
turbine.”

Year 7 One year of environmental performance testing compared to an old unit,

including FERC application for Phase II turbine replacements.

Year 8-10 Phase II turbine replacements (4 units), each unit requiring 9 months to
install (3 years to install 360 MW).

Year 11 One year environmental performance testing period, before application for
approval of the final 5 unit installation.

Year 12-14  Phase III final turbine replacements (~2012-2014) at the 10-unit plant
(1,038 MW).

Testing to date has demonstrated an increased power output of 14 percent (4 percent efficiency
gain plus a 10 percent capacity gain), increased water use efficiency by an average 3 percent, and
fish survival slightly better than achieved with older units. When all ten turbines are replaced,
power production will increase by 14 to 20 percent while continuing to provide safe downstream
passage of juvenile fish (Brown and Garnant 2006).

Timeframes for Developing New Conventional Hydropower

A generalized timeframe for developing new hydropower at existing dams is difficult to
postulate. In one case, expedited (3 month) FERC regulatory approval yielded 2-MWs in 13
months (see Appendix A New Small Hydropower at Existing dams - Expedited Licensing
Results in Jobs, Energy). This has to been seen as an exception to a process governed by
environmental concerns and long leads times for major capital equipment.

PTCs have allowed some owners to apply for and implement in relatively short timeframes
some capacity improvements. Most of these projects are likely not linked to long lead-time
components and may have been in preliminary planning stages in anticipation of the passage of
EPACT 2005. The EPACT 2005 specified 28-month (July 2005 to January 2008) timeframe is
typically too short for the project design, financing, procurement, manufacture and installation
activities of capital-intensive projects. Extension of the PTCs to a time period reflective of the
period involved to implement capital-intensive projects would likely encourage additional
development.
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WATERPOWER ACHIEVABLE CAPACITY ESTIMATES

This section presents conservative estimates of achievable capacity gains in each of the classes of
waterpower technologies. The estimates in this section include potential that could be tapped by:

Installing additional hydro capacity at existing hydroelectric plants,
Efficiency improvements at existing facilities,

Developing new small and low power hydroelectric plants,
Developing new hydro capacity at existing dams without powerhouses,

Developing hydrokinetic projects in natural streams, tidal areas, ocean currents, and
constructed or man-made waterways, and

Developing ocean energy projects that harness wave power and ocean thermal resources.

The projected contribution by each technology class is summarized in Table 5-1. The total
projection of 23,000 MW represents a conservative estimate of the possible addition to installed
capacity by 2025. Figure 5-1 provides a projected timetable for this potential development for
each technology class. Early gains in waterpower generation are derived from conventional
waterpower technology improvements and development with emerging technologies making
greater contributions as research and incentive programs provide stimulus. The long term
potential (beyond 2025) for the emerging technologies may be even greater but the projection
was beyond the scope of this effort. The subsections that follow provide details on the methods,
data and assumptions used to derive the projections.

Table 5-2 summarizes the gain in giga-watt-hours (GWH)/year of generation. By 2025,
generation improvements from all waterpower sources could amount to as much as 119,000
GWH or a 40 percent increase in current waterpower generation. This potential represents a third
more generation then produced by all other renewable sources as reported in 2004 (89,000
GWH) (DOE/EIA 2006) and does not include the potential out-year growth beyond 2025.
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Table 5-1
Estimated Waterpower Capacity Gains (MW) by 2025
Waterpower Technology 2006 Potential By 2010 By 2015 By 2025
Conventional hydropower
Large hydro (>30 MW) 66,536 0' 0' 0'
gfg"’:g%gsi ”;ﬁfy%’fj””g ~100° 4,300° 375 1,000 2,300
New small hydro (>1 MW <30) 8,023 36,000° 25 500 2,000°
New low power hydro <1 MW’ 313 22,000° 100 350 700°
New hydro at existing dams - (16,700)" 25 500 5,000"
E;c;rri\ézgtional hydro potential 595 2.350 10,000
Hydrokinetic
Tidal instream Demos 300" 115 300 3,000"
w::;?\?vr:yznd constructed _ 12,500" 0 30 RNA™
Hydrokinetic potential realized 115 330 3,000"
Ocean energy (wave) Demos 10,000 - 20,000 84 1,000" 10,000
TOTAL | 74,972 | 85,100-95,100" 724 3,680 23,000

=l

o
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Construction of new large hydropower dams is not projected, however, large hydro will have efficiency improvements that
add to annual generation not capacity.

Based on estimates for gains being considered by FERC as certified for PTCs.
1998 estimate by DOE (Conner et al. 1998) includes capacity gains from adding new units in existing bays or larger turbines.
Assumes that the activity noted applying for PTCs would be realized, for a total of 53 percent by 2025.

Corresponds to 18,000 MWa (mean annual power) estimated by DOE (Hall et al. 2004; DOE 2003) and assumes a 50
percent plant factor.

Small hydropower development could range as high as 20,000 MW with economic incentives and expediting licensing.
Includes potential defined as conventional, unconventional and micro-hydropower by DOE (2003).

Corresponds to 11,000 MWa (mean annual power) estimated by DOE (Hall et al. 2004; DOE 2003) and assumes a 50
percent plant factor.

Low power potential could be attained using conventional technology; however, it is economically difficult to develop.

This 1998 figure corresponds to potential at 2,500 of the more than 79,000 dams in the U.S. and, therefore, should be
considered an ultra-conservative estimate (Conner et al 1998). It is likely to be included in the 2006 estimates of potential
noted above and, therefore, is not included in the total.

This figure represents 30 percent of the potential developed within 20 years, based on the assumptions in Section 2. This
figure could range as high as 10,000 MW with favorable economic conditions.

EPRI (2005a) examined the tidal instream potential for only 5 states.

Assumes that hydrokinetic (tidal, instream and constructed waterways) RDD&D is conducted and regulatory licensing is
expedited.

U.S. instream potential was assessed by Miller et al. (1986). It did not include an assessment of constructed waterways.
RNA = resource not assessed.

Assumes RDD&D and regulatory licensing is expedited.

Excludes the 16,700 MW at existing dams since this potential is likely contained in the small hydro estimates.
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Estimated Waterpower Capacity Potential and Realized Gains by 2025 (MW)
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Table 5-2
Estimated Waterpower Capacity (MW) and Generation (GWH) Gains by 2025
2006 2025
Existin Average Projected Projected Projected
Waterpower Technology Ca acitg Hydropower Incremental Waterpower Incremental
(ICIW) y Generation Capacity Generation Generation
(GWH) (MW) (GWH) (GWH)
Conventional Hydropower (efficiency) - 261,000 - 293,000' - 266,000 - 308,000° 5,000 - 15,000
Conventional Hydro (capacity) 75,000 - 10,000 ~36,000° 36,000
Hydrokinetic Demos - 3,000 8,700* 8,700
Ocean Energy Demos - 10,000 29,000° 29,000
Total ~75,000 261,000 - 293,000 23,000 339,700 - 381,700 78,700 - 88,700

'Historical 11-year average generation (1995 to 2005) from EIA; a low average (for 6 years, 2000 to 2005) is 261,000 GWH.

? Estimate assumes that existing hydropower facilities will improve generation efficiency by modernizing generating equipment and optimizing water use. These generation
efficiency improvements are conservatively estimated to range from 2 to 5.2 percent (personal communication, Patrick A. March, Principal Consultant, Hydro Performance
Processes Inc., October 10, 2006) (Note: an advanced turbine at the Grant County PUD Wanapum Project is attaining a 14 percent improvement (4 percent efficiency

improvement plus 10 percent capacity increase; Brown 2006) and DOE estimates that improvements could average 6.3 percent (Conner et al. 1998)).

® Assumes an average capacity factor of 40 percent for conventional hydropower.

* Assumes a conservative capacity factor of 30 percent for hydrokinetic facilities.

° Assumes a conservative capacity factor of 33 percent for ocean energy facilities.
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Figure 5-2
Projected Waterpower Generation Gains (GWHSs)

Conventional Hydropower Projections

In examining potential and postulating development, it is important to recognize that the
hydroelectric plant ownership plays an important role in realizing new capacity and energy gains.
A recent study of hydroelectric plant ownership noted the following (Hall and Reeves 2006):

The principal characteristic of U.S. hydroelectric plant ownership is the private sector
(private utility and non-utility owners, cooperatives, and industrial owners) owns most
of the 2,388 plants (69%), but the public sector (federal and non-federal public owners)
owns most (73%) of the 74,872 MW of capacity. Private owners that are not utilities own
38% of the plants corresponding to only 4% of the total capacity, while private utilities
own 31% of the plants corresponding to 24% of the total capacity. Seven federal
agencies own the largest fraction of the total capacity (51%). Non-federal publicly-
owned plants constitute 24% of the plant population corresponding to 22% of the total
capacity.
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This existing distribution of plant ownership (Table 5-3) and the investment incentives available
to each significantly affects the likelihood of development and the potential that can be achieved.
While the projection opportunities are general in nature, they form the foundation for the
estimated development potential for each category of waterpower development. For example,

in the federal sector, new hydropower development at existing federal dams is a possibility,
particularly since the work currently being conducted by the USACE and the Department of
Interior will identify opportunities (personal communication, K. Sadiki, USACE National
Hydropower Business Development Program Manager, September 7, 2006). The likelihood of
a federal entity developing new hydropower, however, is considered ‘less likely’ due to federal
fiscal constraints and policy objectives. Private utilities, given economic stimuli like PTCs and
the renewable green markets that are developing, are likely candidates for developing the
potential estimated herein.

The magnitude of hydropower plants owned by the private sector/non-utility (38 percent) with an
installed 3,000 MW of capacity seems to represent a likely area for hydropower expansion for
small (>1 and <30 MW) hydropower. This class of ownership, however, is widely dispersed, and
geographically distant and constrained. Future development at significant scale is considered
possible but less likely since it would require significant outreach efforts to induce development
on a wider scale.

Table 5-3
Opportunities for Hydropower Development
Opportunities for Development
Use of
Installed Efficiency | New Hydro PTCs
I-ondropoI:n_l e1r P‘I% otf . | Capacity | and Capacity | at Existing I;?,‘g CREBs
wnership ants (Mmw)' Gains at Dams and Micro- REPIs and
Existing Small Hvdro? RPS
Plants Hydro y
. 37,500 Yes and Possible but | Less Not
—_ o, ’
Public - Federal 7% (51%) | likely® less likely | likely | applicable
. Possible REPIs,
puolic - non 24% 1(2’255;) yes and with Possible | RPS
° y incentives CREBs
Possible

. - o 18,000 Yes and ) . REPIs,

Private — utilities 31% (24%) likely? ywth _ Possible RPS, PTCs
incentives
Private — non- .

s Possible REPIs,
z’;'(')'ge:ratives) 38% %ﬁf’? yes butless | with Possible | RPS, PTCs,
{coope ’ ° y incentives CREBs®
industrials

'Reference (Hall and Reeves 2006).

? Capturing low-power potential will require significant public outreach.

® Advanced Hydro Turbine System (AHTS) is being considered at federal sites.

* AHTS is being tested, but still needs completion RDD&D.

® AHTS for small plants, still in design, and needs RDD&D funding to go to demonstration.
® Electric cooperatives are eligible for economic incentives (CREBS).
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Potential Hydro Capacity at Existing Hydroelectric Plants

DOE identifies 4,300 MW (Conner et al. 1998) of capacity potential at existing hydropower
facilities within the public and private sectors. This potential does not include added generation
due to efficiency gains. It is based on equipment additions (e.g., addition of a turbine to an open
bay) or increased water usage (add a larger turbine) that results in additional or incremental
hydropower capacity. These gains are often achieved during up-rating that occurs through
modernization, relicensing, or a restart from a mothballing or retirement. These capacity
additions are particularly sensitive to improvements in hydro turbine technology and the
availability to use economic stimuli to finance the improvement.

Table 5-1 summarizes projections of capacity gains in this category assuming:

A significant portion of 37,500 MW of existing hydro capacity (public non-federal and
private) can be attained if continued economic stimulus and RDD&D to support small
turbine technology advancements is maintained.

Industry will achieve 53 percent (2,300 MW) of the 4,300 MW of potential by 2025.
This estimate is based on the level of current activity that was reported by the National
Hydropower Association (NHA) and presented in Table 4-3 (~1,000 MW could be added
by 2015).

These assumptions are conservative and reasonable based on the current activity underway as a
result of PTCs and CREBs.

Development of Small and Low Power Hydropower

DOE (Hall et al. 2006) estimated the potential for small and low power conventional hydropower
as 29,438 MWa’, which included potential estimates of 10,988 MWa for low power class

(<1 MWa) and 18,450 MWa for the small hydro class (between 1 and 30 MWa). This total

is an annual average power and not capacity. This annual generation corresponds to a capacity
potential of 58,000 MW. This stream-based resource assessment did not identify potential project
sites where there is an existing dam. The potential capacity, therefore, probably includes much if
not all of the 16,700 MW of potential at dams without power that was the subject of an earlier
DOE study (Conner et al. 1998) as subsequently discussed.

Relative to the balance of the estimated potential (58,000 - 16,700 = 41,300 MW), the 2006
DOE study (Hall and Reeves 2006) of hydroelectric plant ownership noted the following:

There is a disparity between the number of non-utility private owners which make up
about 60% of the owners and the amount of capacity they own, which is only 4% of the
total U.S. hydroelectric capacity. Given the unlikelihood of the development of large
hydropower projects in the present U.S. environment, hydroelectric growth is dependent
upon the development of distributed generation using low power and small hydro class
plants.

"MWa is the average annual power production potential. Since most conventional hydroelectric plants use only a
portion of the available water flow, power plants are usually sized to reflect this difference. In order to compare
these estimates with previous DOE studies, a nameplate rating of approximately twice the production potential has
been assumed herein.
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For significant growth to occur, there will have to be a dramatic increase in the number
of these plants and probably an accompanying increase in the number of plant owners.
Most states already have significant numbers of these classes of plants indicating that the
hydroelectric industry has the experience necessary for further expansion in a favorable
economic climate.

Although the waterpower industry has the experience necessary for further expansion in a
favorable economic (and regulatory climate), this assessment projects a modest development
potential (Table 5-1) using the following assumptions:

For the small hydro (>1 to <30 MW) facilities, development can occur with economic
incentives and existing conventional technology. The primary constraints are the regulatory
lead times required and economics. These limiting factors will likely keep development

to 2,000 MW by 2025. One of the overriding constraints is that the RDD&D for the
‘fish-friendly’ turbine design for this class of project has not been completed. The design

of the Alden/Concepts NREC turbine that was part of the DOE Advanced Hydro Turbine
System (AHTS) program has undergone some limited research and development (Cook et al.
2003; Sale 2006), but demonstration and deployment to a commercial level has not occurred
(see Appendix A).

Low power hydropower estimates are based on the history of low power hydroelectric
development. During 1983 through 1989, DOE supported a “Pumps as Turbines” research
and development project that fostered development of small hydropower sites. Anecdotal
evidence indicates that the submersible turbine manufacturer Flygt sold 95 turbines to be
installed at 42 sites in the U.S. for a total capacity of 59 MW. These sites ranged in head
from 10 to 80 feet and up to 400 KW per unit. With a track record of 59 MW within 6-7
years and other evidence from the FERC Hydroelectric Power Resource Assessment (HPRA)
database as noted by Hall et al. (2006), this suggests that nearly 600 low power plants came
on line during the 1980s. A modest projection of 100 MW near-term and 700 MW by 2025
is, therefore, included in this assessment. This represents a 53 percent increase in the current
installed capacity. Because of the distributed nature of these facilities, and the environmental,
regulatory, and economic requirements that inhibit development, broader economic
expansion is likely to be difficult.

While the potential in the DOE (2003) defined category of conventional, unconventional
and micro-hydro power is substantial (41,300 MW), estimates herein assume a modest
development scenario. Small hydropower development using existing and enhanced
technology could range as high as 20,000 MW given favorable economic conditions

and regulatory policies.

Development of New Hydro at Existing Dams

DOE identified 16,700 MW of additional hydropower (Conner et al. 1998) capacity that

could be achieved by adding hydropower to non-hydropower dams where it is environmentally
and financially prudent to do so. Under the Energy Policy Act of 2005, DOE, USACE, and
DOI- Bureau of Reclamation were tasked to estimate the potential for new incremental
hydropower development at existing federal facilities. The final report is expected in February
2007, however, preliminary results from USACE indicate that at existing USACE facilities a
potential of 2,200 MW of hydroelectric capacity could be installed within the existing dam
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footprint (personal communication, K. Sadiki, USACE National Hydropower Business
Development Program Man