
DOE OFFICE OF INDIAN ENERGY 

Foundational Courses  
Renewable Energy Technologies 
Hydroelectric  
Presented by the National Renewable Energy Laboratory 



Course Outline 
What we will cover… 
 About the DOE Office of Indian Energy Education Initiative 

 Course Introduction 

 Resource Map & Project Scales 

 Technology Overview: 

       - Siting 

       - Costs 

 Successful Project Examples 

 Policies Relevant to Project Development  

 Additional Information & Resources 



Introduction 

The U.S. Department of Energy (DOE) Office 
of Indian Energy Policy and Programs is 
responsible for assisting Tribes with energy 
planning and development, infrastructure, 
energy costs, and electrification of Indian 
lands and homes.  
 

As part of this commitment and on behalf of 
DOE, the Office of Indian Energy is leading 
education and capacity building efforts in 
Indian Country. 

Presenter
Presentation Notes
The idea for this training came from feedback from tribal leadership, tribal organizations, and other entities interested or involved in energy development in Indian Country. 




Training Program Objective & Approach 

Foundational courses were created to give tribal leaders 
and professionals background information in renewable 
energy development that: 

 
  Present foundational information on strategic energy 

planning, grid basics, and renewable energy technologies;  
  
 Break down the components of the project development 

process on the commercial and community scale; and 
 
 Explain how the various financing structures can be 

practical for projects on tribal lands. 



NREL Presenter on Hydroelectric Power 
 
Joseph “Owen” Roberts 
303-384-7151 
Joseph.roberts@nrel.gov 
 
 

Mr. Roberts graduated with a Masters of 
Science and Mechanical Engineering in 2007 
and first worked on wind farm as a field 
engineer.  In 2009, he began his career at the 
National Renewable Energy Laboratory (NREL) 
with modeling wind, solar, and hydropower 
technologies.  Mr. Roberts also provides 
international technical assistance for energy 
development for rural populations including 
the design, analysis, and implementation of 
remote power systems. 
 
 
  
 
 

mailto:Joseph.roberts@nrel.gov


Course Outline 
What we will cover… 
 About the DOE Office of Indian Energy Education Initiative 

 Course Introduction 

 Resource Map & Project Scales 

 Technology Overview: 

       - Siting 

       - Costs 

 Successful Project Examples 

 Policies Relevant to Project Development  

 Additional Information & Resources 

Presenter
Presentation Notes
Thanks for introduction Amy, we will start with resource maps and project scales.  I personally became interested in hydroelectricity as a child when I lived in Tennessee and was exposed to the TVA infrastructure of many dams and pumped storage facilities.  I was captivated by the amount of power potential in water.  In college I worked on refurbishing some of the oldest hydroelectric projects in Massachusetts as there was opportunity for power generation and utilization of existing, but old, dams and power generation equipment.



Commercial or Community Scale? 
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COMMERCIAL SCALE 
PROJECT 

COMMUNITY SCALE 
PROJECT 

Influences 
Technology 

Choice 

Resource 
Options 

Presenter
Presentation Notes
Projects not necessarily only resource driven, always a combination of site suitability, (environmental and land use), resource, technology, ownership, financing; Also available capital, financing costs, need for return on investment, incentives available, ownership issues, etc  Native American entities cannot take advantage of Federal tax incentives but their steakholders may have the unique perspective of making longer term investments due to this fact.  As such hydroelectricity may be more attractive since the investors are not as constrained by typical private sector needs for faster rates of returns on their investments.



Scale of Hydroelectric Power Plants 
Macro Hydropower 
• Although definitions vary, DOE 

defines large hydropower as facilities 
that have a capacity of more than 30 
megawatts (MW). 
 

Small Hydropower 
• Although definitions vary, DOE 

defines small hydropower as 
facilities that have a capacity of 100 
kilowatts (kW) to 30 MW. 
 

Micro Hydropower 
• A micro hydropower plant has a 

capacity of up to 100 kW. A small or 
micro-hydroelectric power system 
can produce enough electricity for a 
home, farm, ranch, or village. Source: http://www1.eere.energy.gov/water/hydro_plant_types.html  

Presenter
Presentation Notes
Macro = Hoover Dam: millions to billions $, small = community scale: a few million to 10’s of millions, micro is for very small homes or farms: $10,000 to 1 million.  Utilization of existing dams or impoundments is typically key! Many examples of off the grid micro and small hydro throughout North America. As scale decreases, cost of energy increases but may be cost effective when compared to a grid extension. Many opportunities for small and micro hydro on irrigation channels or even macro on existing but disused dams.

http://www1.eere.energy.gov/water/hydro_plant_types.html


Types of Hydroelectric Power 
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• Waterwheels, used for hundreds of 
years to power mills and machinery. 

• Hydroelectricity, usually referring to 
hydroelectric dams or run-of-the-
river setups.  

• Damless hydro, which captures the 
kinetic energy in rivers, streams, 
and oceans.  

• Tidal power, which captures energy 
from the tides in horizontal 
direction.  

• Marine Hydrokinetics, which 
captures mechanical power from 
the waves and tides and uses it to 
directly or indirectly power a turbine 
and a generator.  

Source: NREL/PIX 17874 

Marine Hydrokinetics–Wave Power 

Presenter
Presentation Notes
Traditional hydroelectric generation is one of the oldest forms of electricity and mechanical harnessing of a resource for energy generation and the lifetimes of turbines can exceed 100 years. Damless, or “run of the river” hydro captures the kinetic energy in rivers, streams, and oceans. Tidal and wave power are in their infancy as technologies and will not be commercially viable for many years.  

http://en.wikipedia.org/wiki/Waterwheel
http://en.wikipedia.org/wiki/Hydroelectricity
http://en.wikipedia.org/wiki/Damless_hydro
http://en.wikipedia.org/wiki/Tidal_power
http://en.wikipedia.org/wiki/Wave_power
http://en.wikipedia.org/wiki/Wave_power


Potential Resources 
• Conventional hydro (low power to 

large hydro = 62,300 MW): 
 Capacity gains at large and small 

hydro = 4,300 MW 
 New small (<30 MW) and low (<1 

MW) hydro = 58,000 MW 
 New hydro at existing dams = 

(16,700 MW included above) 
 [Efficiency gains (4%) = 3,100 MW] 

 
• Hydrokinetic = 12,800 MW (tidal only 

assessed for five states, ocean 
current not assessed) 
 

• Wave Energy = 10,000 to 20,000 MW 
 

• Pump storage not assessed 
 
TOTAL = 85,100 to 95,100 MW 

Virtual Hydropower Prospector Region Selector 
http://hydropower.inel.gov/prospector/index.shtml  

Presenter
Presentation Notes
Some new installed capacity at existing dams due to improvements in generator and turbine efficiency; repowering of existing sites. No new dams, only run of river.

http://hydropower.inel.gov/prospector/index.shtml


U.S. Electricity Generation 2012 

Source: U.S. Energy Information Administration (EIA), May 29, 2012 
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Presenter
Presentation Notes
As described on the previous slide, a generating station transforms other sources of energy into electrical energy. The chart shows the generation mix currently used in the United States. Thermal energy for steam turbine power plants is produced by burning fossil fuels like coal and natural gas. Nuclear energy is also used to produce steam. Energy from water is used in a hydro-electric power plant. Power plants using these types of energy resources are commonly described as conventional or dispatchable designs. Non-dispatchable generators include those that convert renewable sources of energy like wind and solar into electricity.

Some important observations include:
 The majority of electrical energy used in the U.S. is generated by fossil fuel.
 The United States has large coal reserves.
 Nuclear energy accounts for 19% of the electricity generated in the U.S..
 Use of renewable resources (wind, biomass, geothermal, and solar) is currently a small percentage of the total.






Course Outline 

 About the DOE Office of Indian Energy Education Initiative 

 Course Introduction 

 Resource Map & Project Scales 

 Technology Overview:  

       - Siting 

       - Costs 

 Successful Project Examples 

 Policies Relevant to Project Development  

 Additional Information & Resources 

Presenter
Presentation Notes
Next were going to provide an overview of technologies, and talk about system siting, as well as capital and operating costs and the economies of scale associated with hydroelectricity as well as some successful Native American projects.



Technology Overview  

Power (kW) = 10 x Flow (m3/s) x Head (m) x η 
 
Power (kW) = Head (ft) x Flow (cfs) x η /11.8 
 
η= turbine-generator efficiency ~80% 

Head 

Presenter
Presentation Notes
Basic Newtonian physics, potential energy is the product of mass and height. The rate of flow is just kinetic energy, or potential energy per unit time which gives us power. Turbines can maintain a reasonable efficiency curve depending on their design with flow fluctuating by a factor of 2 roughly.  Run of the river installations are unique because as flow increases the head can decrease, which reduces energy output. Turbine selection depends heavily on the seasonality and fluctuations in the flow.



Technology Overview  

Source: APS, http://www.aps.com/_files/renewable/Hydropower.pdf  

Presenter
Presentation Notes
Hydroelectric generation is simply the harnessing of the water cycle; the sun heats the surface of the earth, water evaporates, and is re-deposited at a higher elevation. Harnessing this new potential energy form and converting it to electricity is hydroelectric generation. Large fluctuations in a specific site resource can occur due to seasonal or annual snowfall and precipitation patterns and temperature fluctuations. It is best to look at many years of data for a specific stream flow to try and capture the impacts of seasonal and annual variations when sizing a system.  



Technology Overview – Hydroelectric Components 

Hydropower plants are 
composed of three basic 
components: 
1. A water diversion or 

intake system, 
2. A pipeline or penstock 

to move the water, and  
3. A powerhouse..  

Source: NREL 

Presenter
Presentation Notes
The basic components for a “run of the river” installation are the intake, pipeline, turbine/generator/electrical interconnection, and tailrace. The sand is separated from the water in the penstock.



Technology Overview and Siting issues – Impoundment 
• The most common type of 

hydroelectric power plant 
• Typically a large hydropower system 
• Uses a dam to store river water in a 

reservoir 
• Water released from the reservoir 

flows through a turbine, spinning it, 
which in turn activates a generator to 
produce electricity 

• Water may be released either to meet 
changing electricity needs or to 
maintain a constant reservoir level 

• Significant impacts on fish, land area; 
potential hazard of dam breaks 

• Constraints on seismic areas 
• No significant installations in U.S, in 

past 50 years, other countries such 
as China and Argentina moving 
forward with large installations 

Graphics Source: http://www1.eere.energy.gov/water/hydro_plant_types.html 

Presenter
Presentation Notes
Impoundment typically requires a larger dam that increases up front capital costs but facilitates some smoothing of the seasonal resource. Hydro-electric stations create electricity from the energy released by water falling to a lower level. Dams are used to store water in a reservoir behind the power station so that there is a constant supply of water. The water is collected and the potential energy of the stored water is converted to kinetic energy as it falls to a lower level. The falling water spins the turbines, which in turn spin the generator to create a steady stream of electricity. This effectively converts the kinetic energy of the falling water to mechanical energy, and then to electrical energy. There have not been large hydro projects in the last 50 years due to the environmental impact.



Technology Overview and Siting – Diversion Hydro  
 

• A diversion, sometimes called run-of-river, facility channels a portion of a 
river through a canal or penstock  

• It may not require the use of a dam 
• Typically no storage opportunities as with impoundment, lower capital costs 

due to lack of dam 
• Fewer concerns with fish and less land area impact than with impoundment 

Image Sources left to right: Encyclopedia of 
Alternative Energy and Sustainable Living;  
NREL/PIX 06595 
 

Presenter
Presentation Notes
Operational constraints due to fish, seasonal breeding, larger systems such as BPA must run and will impact national markets with their requirement to run. Picture on right illustrates the large scale of installation and will dictate environmental impacts. The Tazimina project in Alaska pictured on the left side is an example of a diversion hydropower plant. No dam was required.




Costs 
• High capital costs for hydroelectric projects in general, but typically much 

higher capacity factors resulting in lower levelized cost of energy (LCOE). 

Source: http://en.openei.org/apps/TCDB/ 

Presenter
Presentation Notes
Typical costs for U.S. forms of electrical generation. The advantage to hydropower is that the maintenance costs are extremely low.



Wapato Hydropower Project: Successful Example 

Drop Site 2 Powerhouse 

Source: Yakama Power 

Presenter
Presentation Notes
Inflow water turbines were installed (as part of their Wapato Irrigation Project) to generate 1 megawatt of electricity. The use of the flow of water to generate electricity does not interfere with the primary purpose of the water system, which will continue to supply irrigation to the 142,000 acres of land on the Yakama Reservation. The award was cost-shared; the Council of Athabascan Tribal Governments received $1.2 million in DOE funding and the Confederated Tribes and Bands of the Yakama Nation received $1.1 million.




Yakama Nation / GCPUD 
Settlement Agreement T-125-07 
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Yakama Nation / GCPUD 
Power Sales Agreement T-195-08 

Yakama Power / GCPUD Technical 
Assistance Agreement  

T-143-92; T-058-03 
T-014-07; T-058-08 

Yakama Power / BIA – MOA 
for repairs at Drops 2 & 3 

Allowed under 
the agreement 

Generation  and Transmission  
assets transferred to YN, 

June 2008 

Yakama Nation /  
   BIA Building 
Lease 
  (Unknown) 

Generation assets repaired 
and operational by March 2009 

Transmission contract from 
Generators to BPA Alfalfa  
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CDE 09TX-13976 & CWI 09TX-13975
  

Metering 
Agreement 
09tx-13981
  

Wapato Hydropower Project Continued 

Presenter
Presentation Notes
No consideration for water rights, more for power flow, power off-take, ownership.
Two years later, when you can finally generate, you look in the mirror and say to yourself, “What just happened”. 
Metering, Transmission, balancing Authorities, power sales agreements, MOA’s, MOU’s, there may even be a few IOU’s thrown in there.



Traditional Dinner for Hydro Project Opening – 2009  
 

Source: Yakama Power 

Presenter
Presentation Notes
In 2008 the Wapato Irrigation and Power Generation station was destroyed by volcanic ash. The station was refurbished in 2009 and celebrated with a traditional dinner. 



Wapato Drop 2 Opening Ceremony 

Source: Yakama Power 

Presenter
Presentation Notes
More photos of the traditional celebration.
Next Steps:
Yakama Power is investigating solar power options to be incorporated with Legends Casino and Drop 2 & Drop 3 on the Wapato Irrigation Project.





Hydro Equipment – Expensive but Lasting Investment  

Source: NREL/PIX 12811 

Presenter
Presentation Notes
How long can hydro last? Hydroelectricity turbines last for decades, and some are over 100 years old. They are an expensive investment, but the long term durability supersedes the initial investment. Some maintenance is required but compared to other renewable energy technologies, it requires the least amount of maintenance.





Hydro Equipment Endures  for Decades 

Source: Yakama Power 

Presenter
Presentation Notes
This hydro equipment that has been highly functional, with little maintenance, since 1940.  



More Tribal Hydropower Information 

 

• http://nhd.usgs.gov/ 
 

• http://www.prism.oregonstate.edu/ 
 

• http://www.yakamapower.com/generation.php 
 

• http://apps1.eere.energy.gov/tribalenergy/projects_de
tail.cfm/project_id=168 
 

• http://apps1.eere.energy.gov/tribalenergy/projects_te
chnology.cfm#Hydropower 

Presenter
Presentation Notes
National Hydrography dataset and Prism model of U.S. precipitation data is useful when no stream flow data exists.  

http://apps1.eere.energy.gov/tribalenergy/pdfs/0811review_15lewis.pdf
http://nhd.usgs.gov/
http://www.prism.oregonstate.edu/
http://www.prism.oregonstate.edu/
http://www.yakamapower.com/generation.php
http://www.yakamapower.com/generation.php
http://apps1.eere.energy.gov/tribalenergy/projects_detail.cfm/project_id=168
http://apps1.eere.energy.gov/tribalenergy/projects_detail.cfm/project_id=168
http://apps1.eere.energy.gov/tribalenergy/projects_technology.cfm
http://apps1.eere.energy.gov/tribalenergy/projects_technology.cfm


Course Outline 

 About the DOE Office of Indian Energy Education Initiative 

 Course Introduction 

 Resource Map & Project Scales 

 Technology Overview: 

       - Siting 

       - Costs 

 Successful Project Examples 

 Policies Relevant to Project Development  

 Additional Information & Resources 



Policy: Federal Energy Regulatory Commission (FERC) 

The Commission‘s responsibilities 
include:  
 

• Issuance of licenses for the 
construction of a new project  
 

• Issuance of licenses for the 
continuance of an existing project 
(relicensing) and new projects  
 

• Oversight of all ongoing project 
operations, including dam safety 
inspections and environmental 
monitoring 

 
http://ferc.gov/industries/hydropower.asp 
 
 

Photo: NREL/PIX 13518; Graphic: NREL 

Presenter
Presentation Notes
FERC has jurisdiction for Tribes as well as private generation (BPA and TVA are different). FERC permits construction and considers environmental impacts as well as operational impacts to the electrical grid and to the environment. The hydropower plant pictured here allows fish habitat uninterrupted spawning cycles. Constraints such as these can have a large impact on a project’s performance as the turbines may have to be shut down to allow fish to travel, or additions such as fish ladders may be required. These additional costs should be considered when planning a project. 


http://ferc.gov/industries/hydropower.asp
http://ferc.gov/images/photogallery/hydro_trout_2.jpg


What we covered… 
 About the DOE Office of Indian Energy Education 

Initiative 
√ 

 Course Introduction (Takeaways) √ 

 Resource Map & Project Scales √ 

 Technology Overview: √ 

       - Siting √ 

       - Costs √ 

 Successful Project Examples √ 

 Policies Relevant to Project Development √ 

 Additional Information & Resources  



Useful Resources 

NREL Geographic Information System (GIS) Maps 
www.nrel.gov/gis/maps.html 

RESOURCE 

Virtual Hydropower Prospector 
http://hydropower.inel.gov/prospector/index.shtml  

TECHNOLOGY  

Federal Energy Regulatory Commission (FERC) 
http://ferc.gov/industries/hydropower.asp  

POLICY 

Presenter
Presentation Notes
Here are some more sources of information where you can learn more about hydroelectric resources and energy.


http://www.nrel.gov/gis/maps.html
http://hydropower.inel.gov/prospector/index.shtml
http://ferc.gov/industries/hydropower.asp


Thank You & Contact Information 

For Technical Assistance:  
IndianEnergy@hq.doe.gov 
 
DOE Office of Indian Energy Website: 
www.energy.gov/indianenergy 
 
NREL Technology Websites: 
www.nrel.gov/learning/re_basics.html 
 
 
Joseph “Owen” Roberts 
Joseph.roberts@nrel.gov 
 
 
  
 
 

Presenter
Presentation Notes
Thank you for your attention and time. If you have any questions please feel free to contact me. For larger technical requests, or for a speedy response, please contact the IndianEnergy@hq.doe.gov address, which is the first one on this list.  Thank you and now I’ll turn it over to Amy Hollander who will describe the DOE Office of Indian Energy Education Series.

mailto:IndianEnergy@hq.doe.gov
http://www.energy.gov/indianenergy
http://www.nrel.gov/learning/re_basics.html
mailto:Joseph.roberts@nrel.gov
mailto:Joseph.roberts@nrel.gov


INFORMATION ON THE CURRICULUM 
PROGRAM & OFFERINGS  



Curriculum Structure & Offerings 

•Overview of foundational 
information on renewable 
energy technologies, strategic 
energy planning, and grid basics 

Foundational 
Courses  

•Covers the components of the 
project development process 
and existing project financing 
structures  

Leadership & 
Professional 

Courses 



Foundational Courses 

All courses are presented as 40-minute Webinars online at   
www.energy.gov/indianenergy 

 

Energy Basics 

Assessing Energy Needs 
and Resources 

Electricity Grid Basics 

Strategic Energy Planning 

Renewable Energy 
Technology Options 

Biomass 

Building Heat & Hot Water 

Geothermal 

Hydroelectric 

Solar 

Wind 

http://www.energy.gov/indianenergy
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