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Harnessing water for beneficial uses has existed for centuries. Ancient Greeks and Romans used water in 
ways similar to industrial processes today - for grinding wheat, agriculture via aqueducts, and medicinal 
purposes. Modern hydropower or hydroelectric power has been utilized for over one hundred years and 
remains a clean, reliable electricity asset. As of 2019, hydropower generated roughly 6.6% of electricity 
for the United States (U.S.), while some states' 
electricity mixes are dominated by hydropower. 
The Pacific Northwest relies heavily on hydropower, 
where the electricity mixes of Washington, Oregon, 
and Idaho have significant amounts of hydropower. 
While hydropower is generally thought of for 
electricity generation, only 2% of the 90,000 dams 
in the U.S. generate electricity.1 

The first use of modern hydroelectric power was 
used for lighting in 1880 for a Michigan store front 
closely followed by street lighting in Niagara Falls, 
New York in 1881.2 Both of these direct uses of 
hydropower were for nearby lighting, while the 
first commercial power plant for long distance 
electricity carrying was built in California in 1893.3 
The first pumped storage hydropower project was built in 1929 along the Housatonic River in Connecticut 
to expand electricity generation from the river.4 Harnessing hydropower continued to grow prompting the 
creation of federal and state agencies.
  
The Bureau of Reclamation was created in 1902 to develop hydropower and manage water resources in 
the Western United States. The United States Army Corps of Engineers (USACE) initially became involved 
in flood control, followed by navigation and later in water management through hydroelectric development 
in the 1920s. Years later, organizations like the Tennessee Valley Authority were created to ensure flood 
control and water management mirrored population growth. Hydropower’s boom began in the 1930s with 
the commencement of the Hoover Dam on the Colorado River followed by the creation of the Bonneville 

Power Administration. As part of the economic 
stimulus recovery after the Great Depression, the 
New Deal saw hydropower development rapidly 
expand as a way to increase jobs.
 
Today’s hydropower has come a long way from 
these early dams. Conventional hydropower, run-
of-river, pumped storage, marine hydrokinetics, 
as well as conduit or canal hydropower resources 
all play important roles in generating clean 
electricity and enabling use of water resources 
across the globe.

US Dams
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Technology Overview

There are three main types of hydropower technologies: impoundment, diversion, and pumped storage. 
These varying types of technologies are illustrated throughout, as well as marine hydrokinetics, which 
includes wave, tidal, current, and thermal technologies.

Conventional or impoundment hydropower stores vast amounts 
of water behind large dams. To generate electricity water is 
released, which turns a turbine to generating electricity. 

     Run-of-river or diversion resources are not meant to store water 
resources; rather they use water resources alongside the river 
by diverting the river through channels to harness the kinetic 
energy. Portions of the water are channeled and run through a 
powerhouse, generating electricity. The water is then returned to 
the river, reducing environmental impacts.

 
Conduit or canal hydropower resources harness energy from 
water resources which are diverted for other uses such as 
crop irrigation. The water flows through a pipe and while 
en route to its final destination, electricity can be generated 
through turbines within the pipes.

Pumped storage hydropower (PSH) uses two reservoirs, an 
upper reservoir 
and a lower 
reservoir with an 
elevation change 
between the two. PSH mimics a battery - to charge, water is 
pumped to the upper reservoir and to discharge water is released 
to the lower reservoir. As the water flows downstream, it passes 
through a turbine and generates electricity. PSH can be open-
looped if it is connected to a natural body of water or closed-
looped if the reservoirs are not connected to any outside bodies 
of water. 

Marine hydrokinetics (MHK) harness energy from oceans and 
rivers in the form of wave, tidal, current, and thermal energy. 
Today MHK in the U.S. is still in the research and development 
stage, as are projects in Northern Europe and Australia.5 

However, the Department of Energy is leading efforts to 
develop technological innovations, create international 
standards, and has completed a resource assessment and 
characterization. There are hundreds of MHK designs being 
tested to show both technical and economic viability while 
driving market acceleration and adoption.
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https://www.energy.gov/eere/water/pumped-storage-hydropower
https://www.energy.gov/eere/videos/energy-101-marine-and-hydrokinetic-energy
https://www.energy.gov/sites/prod/files/2017/12/f46/MHK%20Background%20Info.pdf
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Existing Hydropower Fleet

The current U.S. hydropower fleet is roughly 103 
gigawatts (GW) of capacity. Ownership falls under three 
main categories: federal, public, and private, although 
some projects have hybrid ownership such as public-
private and public-federal partnerships. The existing 
fleet provides roughly 6.6% of electricity generation. 
Currently 48 states have hydropower assets with the 
exception of Delaware and Mississippi. Significant 
regional differences exist; a prime example of this is the 
Pacific Northwest, including Washington, Oregon, and 
Idaho. Washington State alone generates over 70% of 
its electricity from hydropower. Other states have high 
hydropower assets as well, including Maine, New York, 
North Dakota and Vermont. While regional differences 
in weather and climate as well as topography can limit 
expansion of hydropower, in many cases, there are 
opportunities to expand hydropower assets in innovative ways. This includes the use of existing 
infrastructure such as powering non-powered dams or pursuing new opportunities in modular 
hydropower, pumped-storage hydropower, tidal energy, and wave energy. Among these assets, the 
U.S. Department of Energy’s (DOE) Hydropower Vision Report identifies 50 GW of additional capacity 
that can be added by 2050.6 That’s the equivalent of charging half a million electric vehicles or 
turning on five billion light bulbs. 

Existing Infrastructure

As the U.S. looks towards the future of hydropower, significant potential lies in existing 
infrastructure. Adding power-generating capabilities to existing infrastructure kills two birds with one 
stone: increasing the penetration of reliable, clean energy while providing much-needed upgrades. 

While there are many benefits associated with hydropower facilities, the average age of U.S. dams 
is 56 years. Many of these are classified as either “high hazard potential” or “deficient high hazard 
potential,” referring to the potential of dam failure. Dams are classified as “high hazard potential” 
when failure could result in loss of life, or “deficient high hazard potential” where failure could result 
in significant economic and environmental damage. According to the American Society of Civil 
Engineers, just the rehabilitation of dams categorized as most critical or “high-hazard” would cost 
almost $22 billion.7 The USACE assessed the repair requirements for its 709 dams in 2015 and 
estimated a $24 billion cost to conduct the repairs.8  The following table illustrates the top ten states 
with “high hazard potential” dams.9

Including IOUs, IPPs, and industrial 

districts/states/CoOps - 

USACE; USBR; TVA - 

U.S. Hydropower by Ownership
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Missouri

Total Dams

5356

States

North Carolina

Texas

California

Pennsylvania

3444

7395

1585

1525

1457

1448

1237

833

809

Georgia

Massachusetts

South Carolina

Oregon

New Hampshire

Percentage of Dams 
that are Hazardous

5420

1452

2444

869

645

596

333

209

156

146

18

185

576

6

302

130

50

25

19

39

28%

47%

25%

53%

73%

13%

26%

10%

20%

29%

Fortunately, there is a solution.  An assessment of the potential for hydropower development on 
existing non-powered dams was conducted by Oak Ridge National Laboratory (ORNL). Researchers 
at ORNL found that there was up to 12 GW (12,000 MW) of potential new capacity available in these 
non-powered dams. This research suggests significant growth potential in hydropower, adding clean 
assets to the grid in the Midwest and Central regions of the United States.10 That means necessary 
infrastructure improvements and renewable electricity generation can be added in tandem. Below is 
a table illustrating the results of the ORNL study, including the top twenty states with non-powered 
dams and the added hydropower capacity potential they could add to the grid.

Top Ten States With “High Hazard Potential” Dams
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Top 20 States with Hydropower Potential on Existing Non-Powered Dams (MW)

Illinois 1269

States
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Louisiana

Pennsylvania

1253

1136

922

857

Texas
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Indiana
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679

658

489

454

427

339

295

288

271

245

210

195

173

172

168

Missouri

States

New York

Ohio

Mississippi

Wisconsin

West Virginia

California

Florida

Colorado

Minnesota

Alabama

Locks for transportation and irrigation canals 
entail other existing infrastructure that 
provides a public good; locks allow for the 
hauling of goods via barge, a process which 
has a significantly lower carbon footprint 
compared to hauling via truck or train.11  Most 
of this infrastructure will not be removed in the 
foreseeable future, providing another strong 
candidate for hydropower addition. 20
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 Many irrigation canals were installed more than 50 years ago 
and need to be repaired or upgraded.  When hydropower is 
added to the drops in the irrigation canals, diversion structures 
are replaced or upgraded. Dilapidated flumes or dissipation 
structures are replaced with new pipes and manual controls 
with automated controls. The upgrades result in less water 
loss from reduced leakage. The precise water control also 
reduces irrigation water waste and increases system reliability. 
These upgrades can also increase water quality into the local 
streams and rivers by reducing destructive sediment and 
mineral suspension.

Encouraging the private sector to power non-hydroelectric 
dams, locks and irrigation canals while upgrading and repairing existing infrastructure provides a clear 
public-private partnership opportunity, which can significantly improve aging infrastructure, protecting 
property and lives.12 While some of the infrastructure may be removed in the coming years, most will not be 
removed and needs to be repaired because of the multiple uses the infrastructure provides. Finding creative 
means to expedite the water infrastructure repairs will help create jobs, improve the infrastructure, and 
provide reliable and clean hydroelectric power.

Existing Regulatory Environment 

With so many roles to play, hydropower faces a comprehensive regulatory process. The Federal Energy 
Regulatory Commission (FERC) has authority over non-federal hydropower facilities. This authority comes from 
the Federal Power Act, which entitles FERC to issue licenses to construct and operate non-federal hydropower 
facilities. Because of environmental and use concerns, the Federal Power Act also nods to the jurisdiction 
of all the other agencies involved in protecting and regulating U.S. waters -- over a dozen federal and state 
agencies.13,14 For example, if a project involves a USACE dam, the Corps can establish protocols for flood control 
operations and measures to allow for commercial navigation.15 Sometimes these agencies, particularly state 
and federal, have different standards for environmental protection, requiring additional coordination; this addition 

Turbine

Drop

Main Canal

Upgrade
Controls

Upgrade
Pipe Upgrade

Controls

Irrigation Canals

Study Plan
Development FERC Environmental 

Document & Public 
Comment

1 YEAR

FERC Review & 
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2-3 YEARS1 YEAR
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Timeline for Integrated Licensing Process
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stretched the relicensing process for California facility Don Pedro to a decade, for example.16

If a project is entirely on private land, has no complex environmental or resource issues, and submits all 
documents on time, the licensing process can take five years or fewer from the first document submitted 
to the final license issuing.17 This timeline can stretch when there are deviations, as mentioned above, or 
with non-traditional facilities, such as power generation at non-power dams, pilot facilities to test marine 
hydrokinetic technology, or closed-loop pumped storage projects. The licensing for these projects often takes 
a decade or more, often depending on project size although not exclusively: one 70 kW marine hydrokinetic 
project took a decade from preliminary permit to license.18 Another marine hydrokinetic project, a 20 MW pilot, 
shortened this process to six years by engaging a dozen agencies years before filing for an application.19

Benefits of Hydropower

Both constructing and operating hydropower provides benefits far beyond low environmental impact 
electricity. Developing hydropower projects on existing water infrastructure can provide additional benefits, 
including upgrading and repairing infrastructure such as locks and dams, and improving water quality.20

Jobs Hydropower projects require a skilled workforce at high wages. 
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An added benefit of hydropower facilities is the ancillary services they provide, or electric services beyond 
providing just electricity. Hydropower facilities, similar to other baseload renewable resources, can be used 
to provide a more stable and secure electric transmission system. 

Spinning and 
No-Spinning Reserves

Wind* Solar PV* Solar CSP* Hydropower Geothermal

With a higher percentage of flexible, stabilizing resources like hydropower on the electric grid, potentially a 
higher percentage of intermittent energy sources may be able to be connected to the electric grid. In most 
electric grid jurisdictions, a hydropower producer is not reimbursed for stabilizing the electric grid and may 
actually receive less money if the power plant must ramp down due to an abundance of other intermittent 
resources.

Environmental Role  

Hydropower, as with all forms of electricity generation, has both environmental benefits and concerns 
depending on the type and location of the hydropower technology installed. While mitigating 
environmental concerns can seem challenging, decades of experience and innovation have found 
solutions to these issues. Some key environmental indicators and how they are mitigated are included in 
the table on the following page.

Ancillary services of generation sources
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U.S. Federal Research, Development & Deployment 

To take advantage of the country’s significant hydropower potential, the U.S. federal government is 
exploring ways to expand and optimize hydropower capabilities in the United States.

At a federal level, research and development for hydropower lies in the DOE’s Water Power Technologies 
Office (WPTO).21 The WPTO works with national labs, universities, industry and other federal agencies to 
research, develop, and fund or help fund projects to expand hydropower as a whole. The WPTO published 
the Hydropower Vision Report in 2017 as well as other similar reports in collaboration with national labs 
highlighting growth opportunities for the hydropower industry. As illustrated in the map below there are 
six national laboratories with hydropower expertise: Argonne National Laboratory (ANL), Idaho National 
Laboratory (INL), National Renewable Energy Laboratory (NREL), Oak Ridge National Laboratory (ORNL), 
Pacific Northwest National Laboratory (PNNL) and Sandia National Laboratories (SNL).22
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Idaho Falls, ID

Albuquerque, NM

Oak Ridge, TN

Lemont, ILGolden, CO

Richland, WA

ANL scientists are working with industry to develop next-generation conventional and pumped storage 
hydropower technologies while improving the efficiency of existing operations. ANL has published on 
the valuation of PSH and has studied the techno-economics of PSH.23 INL is known for nuclear energy; 
however, researchers there are considered experts in electrical power generation and distribution 
of renewable energy development. INL’s researchers are currently applying their expertise to the 
development of a river-based hydropower system incorporating energy storage.24 NREL has workstreams 
and expertise in both hydropower and marine hydrokinetics, utilizing in house testing capabilities 
and facilities. NREL’s team is developing a regulatory roadmap to further opportunities in hydropower 
and PSH.25 ORNL is focused on cost reduction and increased performance. PNNL’s proximity to the 
Bonneville Power Administration and research in grid resiliency aids in their expertise for MHK and 
hydropower research. SNL’s team is improving the environmental impact of wave energy converters. 
Because of SNL’s nuclear energy expertise, they are utilizing materials science to improve reliability and 
performance in harsh environments.  In most cases, the research at the National Labs are focused on 
innovative solutions for the future while considering ways to utilize existing infrastructure.

Innovations in Hydropower 

Research and development (R&D) continues to drive innovations in efficiency of the existing fleet, while 
encouraging development of new technologies including turbines and ways to improve environmental 
impacts.26 Hydropower plays a unique role in clean energy while providing additional value in ancillary 
services such as load-following, spinning reserves, reactive power, and black start services.
Tapping into additional hydropower may not require new large scale projects similar to conventional 

National Laboratories with Hydropower Expertise
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hydropower, which means building new large dams can be removed from the equation.  Instead, existing 
dams could be powered and  significant efficiency gains in the existing fleet through upgrades and 
new technologies can be pursued, both of which are viewed as better for the natural environment. New 
opportunities to harness additional energy from hydropower exist across a spectrum of technologies, 
allowing hydropower to play a critical role in clean energy generation for decades to come.27

International Growth and Development 28

Hydropower and pumped storage hydropower have seen growth throughout many parts of the world due 
to countries pursuing stable electricity with low greenhouse gas emissions. Hydropower is very often 
one component of a comprehensive development of water resources, which can also include dams for 
water supply, storage or diversion for irrigation, sediment control, flood control, as well as recreational 
opportunities. Additionally, income from the energy produced can be a significant source of support 
for the other project purposes that enhance the value of water. Many large hydropower developments 
around the world are thus multi-purpose investments, improving the lives of millions of people.

Hydropower represents approximately 16% of the total electricity production in the world with China 
possessing the most capacity, three times more than the second largest, Brazil. The following pie chart 
shows the top five countries with the largest installed hydropower capacity.29 China installed the most 
new capacity in 2019, 8,540 MW compared to Brazil with 3,866 MW.  Brazil’s development launched its 
hydropower capacity past the United States, which now ranks third.  North and Central America had 
the least new installed capacity compared to all other regions, in large part due to the stagnation of 
hydropower development in the United States.

While China has the greatest capacity of hydropower, other countries have a higher percentage of 
hydropower in their electricity mixes.  Norway, Paraguay and Canada provide significant electricity for 
neighboring countries.  The Nord Pool, a regional power market in operation since 1996 allows Norway, 
Finland, Sweden, Denmark and the Baltics to transmit and share power, helping to reduce the amount of 
new power generation required and increasing electric 
grid stability.  Paraguay shares two hydropower facilities, 
one with the government of Brazil and the second with 
Argentina and as a result exports close to 70% of the 
hydroelectricity it produces.30

Significant potential for hydropower development 
exists in all regions of the world. Developing 
economies represent the most significant potential 
for new hydropower generation. The African region 
is expected to increase its hydropower capacity 
by over 40 GW within five years. East and South 
Asia, most notably China and India will continue 
to develop their resources while at the same time 
working to develop cross border transmission 
and market systems. In North America, Canada is 

8% United States

27% China

8% Brazil

6.3% Canada3.9% Japan

46.8% Rest of World

Hydropower Capacity by Country
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focussing on powering indigenous regions with small/micro hydropower as well as adding another 
2,900 MW of hydropower capacity in the next five years through four major projects that are under 
construction; these projects will export power to the United States.

The United States is one of the few OECD countries that is not fully supportive of hydropower 
projects, due in part to public perception of hydropower, policies that support other energy resources 
and the lengthy regulatory process.31 However, U.S. Department of Energy sponsored studies have 
shown tremendous potential through new hydropower technologies and existing infrastructure.

Paraguay 8.81

Top 5 Countries
Depending on Hydropower

Norway

Nepal

Tajikistan

Brazil

31.6

1.02

5.8

100.27

100%

96%

95%

95%

64%
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Challenges and Solutions 

Looking to the future, there are numerous opportunities to expand the use of this critical technology. By 
strategically tackling the existing barriers to hydropower expansion, the United States can expand its 
hydropower generation and build towards a clean future. Below are some solutions to overcome major 
challenges.

Challenge: Financing hydropower projects can be risky because of uncertainties around regulatory 
approvals required from multiple jurisdictions. Banks typically only finance projects once developers 
have confirmed that they will be able to successfully develop a resource with a precise degree of 
confidence.  Hydropower projects, except very small projects that are exempt, require a multi-agency 
approval process that itself can bankrupt some projects. Even once a project has been approved and 
licensed, a state agency could deny approval of a project.

Solution: Building on existing legislation like the Hydropower Regulatory Efficiency Act of 2013 
and the America’s Water Infrastructure Act of 2018 could ensure that statutory and regulatory 
modifications are implemented to streamline the licensing and approval process. Such efforts will not 
reduce the oversight of licensing, but target areas where licensing has become unnecessarily arduous 
and find solutions that protect resources while enabling clean power generation.

Challenge: Hydropower technologies have not benefited from long term, stable renewable energy 
tax incentives that would enable them to more cost effectively compete with other renewable energy 
technologies.  A prime example of this are the long-term Investment Tax Credit (ITC) and Production 
Tax Credit (PTC) with which other renewable resources have exponentially grown.  While hydropower 
energy sporadically qualifies for the PTC and ITC, the long-term uncertainty that has historically 
surrounded these tax credits has disadvantaged it because hydropower projects can take nearly a 
decade to develop.

Solution: Congress could provide stable tax incentives and other financing tools to support the 
development of hydropower technologies.  These benefits should be predictably phased out in a 
consistent manner with other renewable energy technologies.  For example, a phase out of a tax 
incentive could be based on the number of locks and dams or irrigation conduits that can be powered 
and/or need to be upgraded and have been completed.

Challenge: Existing power purchasing agreement (PPA) structures disadvantage hydropower projects’ 
access to the power market.

Power purchase agreements do not currently value the ancillary services that hydropower provides 
to the grid.  Some hydropower facilities are capable of load following, meaning they can be ramped 
up or down depending on the demand while other renewable resources are not available.  Even 
small hydropower facilities which might not have ramping capability typically provide stable, non-
intermittent generation.  Hydropower does not receive compensation for providing stability or 
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reserves.   When utilities or wholesale retailers model the levelized cost of electricity of a resource, 
they do not account for cost savings and benefit from hydropower, including flexibility, reserve 
capacities, insulation from fluctuating fuel prices, and the longevity of the facility, which may exceed 
typical planning periods of thirty years.  The benefits associated with hydropower could reduce risks 
associated with their long development timelines and PPAs.

Solution: (1) The federal government could procure electricity from hydropower sources using 
novel PPA structures when procuring hydropower as a renewable resource, thereby de-risking future 
hydroelectricity purchases by industry.  In doing so, the government can demonstrate PPAs that 
appropriately value hydropower’s benefits.  These PPA structures would not only benefit hydropower, 
but other resources such as geothermal and even energy storage technologies.

(2) The Federal Energy Regulatory Commission (FERC) can further develop pricing for ancillary 
benefits that hydropower or energy storage provides. FERC guidance will in many cases be 
implemented by state agencies.

Challenge: The public perception about hydropower tends to leave a bitter taste in our mouths. Many 
assume hydropower is  bad for the environment, which has slowed the development of hydropower 
projects. This includes development on existing locks, dams and irrigation canals even with other 
environmental concerns addressed. There is a gap in understanding the benefits associated with 
hydropower in conjunction with low environmental impacts.  This lack of understanding has likely 
contributed to the absence of federal and state policies supporting hydropower projects.

Solution: Congress could create an education campaign to promote hydropower through the relevant 
government agencies, including, but not limited to the Department of Energy, U.S. Army Corps of 
Engineers, Bureau of Reclamation, and Department of Interior. This could include highlighting benefits 
associated with hydropower, PSH, improving existing infrastructure, preparing for and preventing 
natural disasters, generating clean electricity, and improving the transport of goods.



Introduction to Hydropower 

15

1. Reicher, Dan, Data compiled by Professor Dan Reicher, Stanford University, 2019.
2. Department of Energy
3. Department of Energy
4. Department of Energy
5. Yale Environment 360
6. Department of Energy
7. American Society of Civil Engineers, 2017 Infrastructure Report Card.
8. Army Corps of Engineers, Report to Congressional Requesters, “Actions Needed to Improve Cost Sharing for Dam Safety 
Repairs,” December 2015.
9. Reicher, Dan, Data on dam safety compiled by Professor Dan Reicher, Stanford University, 2019.
10. Department of Energy, “An Assessment of Energy Potential at Non-Powered Dams in the United States, Prepared by Oak Ridge 
National Laboratory, April 2012.
11. Texas Transportation Institute, “A Model Comparison of Domestic Freight Transportation Effects on the General Public”, March 
2009.
12. Department of Energy 
13. Federal Power Act
14. Hydropower Reform Coalition
15. U.S. Code 33 Chapter 15
16. Environmental and Energy Study Institute & National Hydropower Association
17. Federal Energy Regulatory Commission
18. FERC Docket No P-13511 
19. FERC Docket No P-14616
20. Cuihang Song, Kevin H. Gardner, Sharon J.W. Klein, Simone Pereira Souza, Weiwei Mo, Cradle-to-Grave greenhouse gas emissions 
from dams in the United State of America, April 2018.
21. Department of Energy
22. Department of Energy
23. Argonne National Laboratory
24. Department of Energy
25. Department of Energy
26. Department of Energy
27. Department of Energy
28. International Hydropower Association, 2019 Hydropower Status Report, Sector Trends and Insights, 2019.
29. ibid.
30. International Hydropower Association, 2019 Hydropower Status Report, Sector Trends and Insights, 2019.
31. Organisation for Economic Co-operation and Development (OECD) founded in 1961 comprises 37 countries that work together 
to promote policies for better trade and economic development. OECD countries and key partners represent approximately 80% of 
world trade and investment.

Sources

https://www.eia.gov/todayinenergy/detail.php?id=26112
https://www.energy.gov/eere/water/history-hydropower
http://americanenergyinnovation.org/wp-content/uploads/2013/03/Case-Unconventional-Gas.pdf
https://www.energy.gov/eere/water/history-hydropower
http://law.emory.edu/elj/content/volume-64/issue-4/articles/fracking-revolution-study-innovation-policy.html
https://www.energy.gov/eere/water/history-hydropower
file:https://thebreakthrough.org/articles/us-government-role-in-shale-gas-fracking-history-an-overview
https://e360.yale.edu/features/why_wave_power_has_lagged_far_behind_as_energy_source
https://www.netl.doe.gov/File%20Library/Research/Coal/carbon%20capture/Program-Plan-Carbon-Capture-2013.pdf
https://www.energy.gov/eere/water/downloads/hydropower-vision-report-full-report
https://thebreakthrough.org/articles/us-government-role-in-shale-gas-fracking-history-an-overview
https://thebreakthrough.org/articles/us-government-role-in-shale-gas-fracking-history-an-overview
https://edx.netl.doe.gov/dataset/doe-s-unconventional-gas-research-programs-1976-1995
http://americanenergyinnovation.org/wp-content/uploads/2013/03/Case-Unconventional-Gas.pdf
http://law.emory.edu/elj/content/volume-64/issue-4/articles/fracking-revolution-study-innovation-policy.html
https://thebreakthrough.org/articles/us-government-role-in-shale-gas-fracking-history-an-overview
https://www.energy.gov/eere/articles/5-promising-water-power-technologies
https://edx.netl.doe.gov/dataset/doe-s-unconventional-gas-research-programs-1976-1995
https://www.law.cornell.edu/uscode/text/16/chapter-12
https://thebreakthrough.org/articles/us-government-role-in-shale-gas-fracking-history-an-overview
https://www.law.cornell.edu/uscode/text/33/chapter-15
http://law.emory.edu/elj/content/volume-64/issue-4/articles/fracking-revolution-study-innovation-policy.html
https://www.hydro.org/news/live-webcast-eesi-nha-hydropower-briefing/
http://americanenergyinnovation.org/wp-content/uploads/2013/03/Case-Unconventional-Gas.pdf
https://thebreakthrough.org/articles/us-government-role-in-shale-gas-fracking-history-an-overview
https://thebreakthrough.org/articles/us-government-role-in-shale-gas-fracking-history-an-overview
https://thebreakthrough.org/blog/Where_the_Shale_Gas_Revolution_Came_From.pdf
http://energy.mit.edu/wp-content/uploads/2011/06/MITEI-The-Future-of-Natural-Gas.pdf
https://www.energy.gov/eere/water/about-water-power-technologies-office-wpto
http://law.emory.edu/elj/content/volume-64/issue-4/articles/fracking-revolution-study-innovation-policy.html
https://www.energy.gov/eere/water/national-labs-and-water-power
http://americanenergyinnovation.org/wp-content/uploads/2013/03/Case-Unconventional-Gas.pdf
https://www.anl.gov/es/valuation-of-pumped-storage-hydropower
file:https://edx.netl.doe.gov/dataset/doe-s-unconventional-gas-research-programs-1976-1995
https://www.energy.gov/sites/prod/files/2019/07/f64/Integrated-5June2019%20%28002%29.pdf
http://americanenergyinnovation.org/wp-content/uploads/2013/03/Case-Unconventional-Gas.pdf
https://www.energy.gov/eere/water/project-profile-development-regulatory-and-permitting-toolkit-rapid-hydropower-and-pumped
http://americanenergyinnovation.org/wp-content/uploads/2013/03/Case-Unconventional-Gas.pdf
https://www.energy.gov/eere/water/hydropower-research-development
http://americanenergyinnovation.org/wp-content/uploads/2013/03/Case-Unconventional-Gas.pdf
https://www.energy.gov/sites/prod/files/2020/04/f74/2019-wpto-peer-review-executive-summary.pdf
http://americanenergyinnovation.org/wp-content/uploads/2013/03/Case-Unconventional-Gas.pdf
https://thebreakthrough.org/articles/us-government-role-in-shale-gas-fracking-history-an-overview
https://thebreakthrough.org/blog/Where_the_Shale_Gas_Revolution_Came_From.pdf


Introduction to Hydropower 

16
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