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Examples of Hydropower installations
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St George Serblan Orthodox Chu(ch Nlagara Falls 4
partnership with The Niagara Parks Commission.
have erected this monument to Nikola Tesla. |
Physicist. inventor, electrical engineer. Tesla developed |
the world's first hydroelectric power system
used here at Niagara Falls.
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U.S.Hydropower =
At a Glance ENERGY Renewable Energy

101 GW 6.2%

U.S. INSTALLED CAPACIT U.S. ELECTRICITY

Hydropower Generation and GENERATION
Pumped Storage Hydropower 2015

480/ Provides
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GENERATION U.S. JOBS

2015
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. DEPARTMENT OF Energy Efﬁ.:i.E;-nll;'_:l;;r &

ENERGY Renewable Energy

Hydropower is currently the
¥ largest renewable resource
g2 In the United States,

» RHODE 1SLAND
CONNECTICUT

| providingenergy storage
. and essential service®
.| the electricgrid.

While development has
.| been slower in recent
e decadeshearly 1.5 GW of

capacitywere added in the
" lastdecade.
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U.S. Hydropower

.5. DEPARTMENT OF Energy Eﬁiciency‘ &

Federal and Noffederal ENERGY | Renewable Energy

Total Hydropower
. Capacity (MW)
21,203 (WA)
@) 10,348 (CA)

Hydropower Ownership ggg% (-OSRE)O 0

@) Federal ™™™ 49% 1,000 - 3,000
Non-Federal ™™ 51% 500 - 1,000

[] No Hydropower Capacity <500

Water Power Technologies Office eere.energy.gov



DOE Hydropower Program w3, vemaxrventor | Eneray Efficiency &
Our Vision ENERGY | rencwab Eneray

Vision:Promote environmentalhsustainable hydropower
and pumped storage growth through development of

transformative technologies and approaches for genera
clean, coseffective hydroelectric energy, while ensuring

energy security through a reliable grid, and enabling the
Integration of other renewables

Water Power Technologies Office 16 eere.energy.gov



Our Rolan Hydropower

Funding and New
Technology
Development

Develop critical technologies
to support the current
infrastructure and address
market risks to drive down
development costs for new
hydropower.

Evaluate innovative
pumped-storage
hydropower system designs
that exhibit cost
competitiveness with
broader, more acceptable
siting opportunities.

Water Power Technologies Office

Market Acceleration and

Deployment

A Address environmental and

regulatory barriers that
prevent significant amounts
of new deployment.

Assess and quantify the
value of hydropower to the
nation's electric grid and
develop a vibrant U.S.
hydropower workforce.

-3. DEPARTMENT OF

u.s

Energy Efficiency &

NERGY Renewable Energy

Stakeholder Coordination

A Support collaborative

interagency efforts with the
U.S. Army Corps of
Engineers and the Bureau of
Reclamation.

Coordinate with hydropower
industry to investigate a
framework for reliability and
cost impacts of operational
changes and technology
deployments, and optimize
water use at existing
hydropower plants.

eere.energy.gov



Hyd rO power P rog ram U.S. DEPARTMENT OF

Energy Efficiency &

Recent Accomplishments ENERGY | renewabie Energy

A March 2015:RenewedHydropowerMOUwith Dept.
of Interior and Corps of Enginedssupport
sustainable hydropower and federal facilities

A April 2015:Releasedthe first-ever Hydropower
Market Reportto quantify the current size, scope,
YR OFNAIFOATAGE 2F 2 dzNJ

A September 2015competitivelyawarded$6.5 million wEwououw o
to sevenorganizationgo advance themanufacturing gl
and installation of lowenvironmentakimpact
hydropowertechnologies

A July 2016facilitated an agreement between the
Federal Energy Regulatory Commission and the Cc
of Engineersto streamline hydropower project
permitting

A July 2016Publisheda longrange national
Hydropower Visiorio establish the analytical basis
for anew era of growth irsustainabledomestic
hydropower over the next hatfentury.

Water Power Technologies Office eere.energy.gov



The DOE Hydropower Vision ENER&Y Energy Efficiency &

Renewable Energy

xxxxxxxxx

A Hydropower Visiors a bottomup analysis
applyingeconomic, technical, and sustainabilit
criteria to look at the potential for innovation
and growth inhydropowergeneration and
storage througl2050

A HydropoweWisionestablished in collaboration e
with key stakeholders300 experts from over
150 organizationy representing Government,
bDhQaZ wSabBduMBRKSNA | VR

AIncludes a detailed roadmapeveloped with 5 "
critical action areas and a set of 64 detailed
actions needed to support scenarios.

FER U.5. DEPARTMENT OF
d
%

&

| ERNRPLI2ZGSNI +AaA2yYY ! bSg [/ KI LI
Renewable Electricity Sourceleased July 26, 2016

Water Power Technologies Office eere.energy.gov



Hydropower Vision:

.5. DEPARTMENT OF Energy Eﬁiciency‘ &

Report ObJeCt|VeS ENERGY Renewable Energy

TheHydropowerVisionReport:
1. Documentghe state of the industry including benefits realized to date;

2. Presentanodeled reference scenariosnd related sensitivity ranges to
analyze thdong-term economic competitivenessf hydropower and the
feasibility of growth through 2030 and 2050;

3. Evaluatexosts and benefit$o the nation that could be realized through
the range of potential scenarips

4. Recommendsroadmap of actiongo attain sustainable growth,
addressing a range of needs from technology optimization to
environmental stewardship.

The Vision Report expressly does not:
U Establish DOE goals for industry growth;
U Encumber or obligate DOE or other agencies; nor
U Recommengolicy.

Water Power Technologies Office eere.energy.gov



Vision Pillars

.5. DEPARTMENT OF Energy Eﬁiciency‘ &

u.s
ENERGY Renewable Energy

—— I" L I"_"'l
CPTIMIZATICMN GROWTH SUSTAIMABILITY

The Hydropower Vision report is grounded on three
equally important foundational pillars arrived at
through extensive stakeholder mput.

Optimization

Optimize the value and the power
generation contribution of the existing
hydropower fleet.

Growth

Explore the feasibility of credible long-
term deployment scenarios for
responsible hydropower growth.

Sustainability

Ensuret hat hydropower 0s
toward meeting the n
needs are consistent with

environmental stewardship and
responsible water use management.

Water Power Technologies Office

eere.energy.gov



a2zRSf Ay3 | @ RNR LJ2 ¢ o e U

and FUtu e POten“al ENERGYa‘ Renewable Energy

A The primary tool used to assess potential growth trajectories and
the basis to evaluate resulting cost and benefit impacts is the
bl A2y I wSYSégloftS 9 RKYNBIENeGY G
Deployment SystemReEDpmodel

A Hydropower resource opportunities fotential growth fall into
four distinct categories:

1. Upgradedo existing power plants and dams

2. New power plants at existingon-powered dams (NPDs)
3. New streamreach development (NSD)

4. New and existingumped-storage hydropower (PSH)

Water Power Technologies Office eere.energy.gov
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and FUture POten“al ENERGY | renewable Energy

A More than 50 total hydropower deployment scenariosere evaluated by varying
hydropowerspecific parameters as well as broader dofdropower specifiparameters

r
v

New Hydropower Generation
Capcity (GW)

2010 2020 2030 2040 2050 2010 2020 2030 2040 2050

A TheHydropower Visioanalysis found that th&ey driversinfluencing deployment of new
hydropower capacity were:

U Technologyinnovationto reducecost
U Improvedfinancingthat valuesthe long asset lifeof hydropowerfacilities
U Theconcurrent influence of severahvironmentalconsiderations

Water Power Technologies Office eere.energy.gov



Hydropower Deployment:

.5. DEPARTMENT OF Energy Eﬁiciency‘ &

Selected Scenario to 2050 ENERGY | renewable Energy
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Hydropower Deployment:

.5. DEPARTMENT OF Energy Eﬁiciency‘ &

Selected Scenario to 2050 ENERGY | renewable Energy
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Upgrades to Existing Facilities = Powering Non-Powered New Stream
Dams (NPD) Reach Development (NSD)

Water Power Technologies Office eere.energy.gov



Additional New Stream Reach Development;.....

Energy Efficiency &

National Sustainability Challenge ENERGY | renewabie Eneray

30 28.3 GW

25
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U

Cumulative Installed New Capacity (GW)

1 Upgrades

o

Innovative designs and cost reductions

Continued Technology Transformative are needed
Advancement with Improved Innovation in
Market Mechanisms Sustainability

Up to 15.5 GW of additional new stream-reach development is contingent
on transformational innovations - performance and environmental

Water Power Technologies Office 26 eere.energy.gov



Pumped StoragBeployment:

SelectedScenario to 2050 ENERGY | rencuavi Eneroy
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Water Power Technologies Office eere.energy.gov



DOE Hydropower Vision

Key Takeaways

.5. DEPARTMENT OF Energy Eﬁiciency‘ &

u.s
ENERGY Renewable Energy

A Hydropower can providsystem benefitsand enable growthin variable generation.

A PSH is théowest cost grid storageption currently available.

A9QEA&AGAY T

YR y3$5

maintaininggrid stability.

K& RNER LJ2 ¢ S hemyiseduritygy2 y G A

A Optimizing and expanding existing and new hydropower by 208&es jobs and
revitalizesinfrastructure.

$

Air

o

!

Economic Air

Investment Pollution Water Jobs
Existing $148 billion in $58 billion savings in avoided | Cumulative 30 Over 195,000
Fleet cumulative eco- mortality, morbidity, and trillion gallons hydropower-
and New nomic investment? | economic damages from of water with- related gross
Capacity $110 billion for cumulative reduction in emis- | drawals avoided | jobs spread
Additions sions of SO_, NO_, and PM for the electric across the
Combined Zﬁzgﬁ%\’r‘:grﬂ?}%ﬂ' 6.700-16 250 r;mature 2'5 power sector hation in 2050
(149.5 GW) ’ 20 P

billion for PSH

deaths avoided

Water Power Technologies Office

eere.energy.gov
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PublicPrivate Partnership in Hydropower

Roadmap Actions

U.S. DEPARTMENT OF EHEFQ'}}’ Effi.:;i.[;,nr|.r33,1I &

ENERGY Renewable Energy

The Hydropower Vision roadmap
identifies a high-level portfolio of
new and continued actions and
collaborations acrossmany fronts
to help the nation realize the
significant long-term benefits of
hydropower, while protecting the
Yy I G A 2nérgyd environmental,
and economicinterests.

The roadmap is the beginning of
anevolving, collaborative, and
necessarily dynamic process

Water Power Technologies Office

5 ACTION AREAS
64 detailed actions

% O I &

TECHNOLOGY ENHANCED SUSTAINABLE
ADVANCEMENT REVENUE & MARKET DEVELOPMENT
STRUCTURES & OPERATION
i)
[ ]
nd
REGULATORY ENHANCED
PROCESS COLLABORATION
OPTIMIZATION EDUCATION & OUTREACH

eere.energy.gov



FY 16 FOA Awards . DEPARTMENT OF
Develop NexGeneration Hydropower Technologies ENERGY Renewable Energy

Energy Efficiency &

Sixorganizationswere selectedo receive up t0$9.8 millionto
developinnovative technologieghat will reduce capital costs and
deployment timelinesfor PSHand non-powered dams

A Shell Energy North America (US), L.P. i Hydro Battery with a
Submerged Membrane Storage Reservoir

Pumped- A National Renewable Energy Laboratory i Transforming the U.S. Market

Storage with a New Application of Ternary-Type Pumped-Storage Hydropower

Hydropower Technology
A Obermeyer Hydro Accessories Inc. i Cost Effective Small Scale

Pumped Storage Configuration

A Natel Energy, Inc. i Efficient, Modular Low-Head Linear Pelton Turbine
Non- with Simple, Low-Cost Civil Works

Powered A Canyon Industries, Inc. i Optimization of Archimedes Screw Turbines for
Dams use in Hydroelectric Projects

ARickly Hydrological Company, Inc. i PROPEL Hydro System

Water Power Technologies Office eere.energy.gov



U.S. DEPARTMENT OF En ergy Efﬁciency’ &

EN ERGY Renewable Energy

Thank you!
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ABSAROKA ENERGY

GORDON BUTTE
PUMPED STORAGE
HYDRO

Chairman Brad Johnson, Montana
Public Service Commission
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