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1.0. Introduction
The following table includes a brief summary of the technology being proposed by Renewable Energy Design Concepts (REDC) and
identifies key elements that need to be expanded upon in this report, designed to assist the company in preparing the
Commercialization Plan that will accompany the DOE Phase I submission.
The initial development of REDC’s microgrids and energy resilience for remote rural communities using marine hydrokinetics
responds to DOE desires for “marine renewable energy (MRE) technologies that can operate as a base load power supply for small
microgrid systems (100KW-1MW) that provide power to remote communities through Utilization of Marine Hydrokinetics and
Pumped Storage Hydropower.” 1
Market Brief Summary
Topic 14 (a) Marine hydrokinetics for microgrids and energy resilience through
utilization of marine hydrokinetics and pumped storage hydropower
Product
REDC specializes in small and micro hydropower with a focus on
Description analyzing current systems and their adaptability to generate
environmentally friendly energy. REDC is now interested in developing
an inline flow hydrokinetic solution that is cost competitive to
traditional hydro power. The technology is a hydrokinetic energy
generator that they will use to power pumped hydrokinetic energy
storage. Specifically, it will pump water uphill to be stored until
needed, at which time it will be released downhill where it will turn a
generator to generate electricity

1

DOE Solicitation, https://science.energy.gov/~/media/sbir/pdf/TechnicalTopics/FY2019_Phase_I_Release_2_Topics.pdf
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Need
Addressed

The (draft) DOE report entitled, “Potential Maritime Markets for
Marine and Hydrokinetic Technologies” (April 2018) identifies the need
for microgrids for isolated communities: 2
There are hundreds of isolated communities in the United States,
primarily in Alaska and island territories, that have microgrid
power systems from 200 kW to 5 MW. All are currently
dependent on diesel generators some or all of their power. The
energy cost is high, sometimes more than $1/kWh, and the cost
varies with the ever-fluctuating price of oil. Transporting diesel is
difficult, expensive, and, in many cases, requires extensive
storage capacity. Any commercial endeavor faces investment risk
because of the uncertainty of future oil prices and the resulting
unpredictable energy costs for remote locations. The DOD has
dozens of permanent bases that operate in these same regions
with similar electricity supply conditions and significant pressures
to “… dramatically change energy consumption at an installation or
joint base, implement renewable energy technologies, and
generate and store energy to improve supply resilience for critical
loads…”. The DOD also has numerous forward-operating bases that
are often more remote from fuel sources and operate with higher
cost profiles.


In addition, this solicitation topic requests applications to
prove the concept of microgrids and energy resilience for

2

“Potential Maritime Markets for Marine and Hydrokinetic Technologies” (in draft)
DOE, 2018 https://www.energy.gov/eer e/articles/innovative-markets-marine-energy
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remote rural communities using marine hydrokinetics.
Specifically, what is desired is marine hydrokinetic (MHK)
technologies that can operate as a base load power supply for
small microgrid systems (100KW-1MW) without the use of
diesel.

Customers

Market

DOE seeks “marine renewable energy technologies that can operate as
a base load power supply for small microgrid systems (100KW-1MW)
that provide power to remote communities.” 3
Isolated U.S. communities with a load less than 5 MW have a combined
market of more than 70 MW, which is $350 million in MHK
technologies installed cost (assuming $5 per Watt installed). The U.S.
market includes approximately 175 to 300 small communities in
Alaska, the two smaller Hawaiian islands of Lanai and 3 Molokai, a
couple of dozen islands mostly off the Maine coast, four inhabited
islands in the Northern Mariana Islands, and some islands in American
Samoa. Other major island territories, such as Guam, have larger
utilities and are classified under the Isolated Power Systems Utility
Scale. 4
Market definition: Marine hydrokinetics (MHK) Technologies
The draft DOE report, “Potential Maritime Markets for Marine and
Hydrokinetic Technologies,” identifies MHK potential markets:
https://www.energy.gov/eere/articles/innovative-markets-marine-

3

DOE Solicitation, https://science.energy.gov/~/media/sbir/pdf/TechnicalTopics/FY2019_Phase_I_Release_2_Topics.pdf
“Potential Maritime Markets for Marine and Hydrokinetic Technologies” (in draft)
DOE, 2018 https://www.energy.gov/eer e/articles/innovative-markets-marine-energy
4
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energy
Examples of applications:
Potential markets are identified in the DOE brief “Marine and
Hydrokinetic Distributed and Alternate Application,” (Dec 5, 2017) at:
https://www.energy.gov/eere/water/downloads/marine-energytechnologies-forum-distributed-and-alternate-applications-forum
Market segment: Utility Isolated power systems - This market is
defined as isolated or islanded utility markets with greater than 5 MW
of load and high costs.
Market segment: Off grid Isolated power systems - This market is
defined as isolated or islanded utility markets with less than 5 MW of
load and high costs.
A number of studies have been conducted by DOE to indicate those
regions that appear to have sufficient MHK for this to be viable:




The Electric Power Research Institute has identified a total
recoverable wave energy resource for Puerto Rico of 20,000
GWh/year. Which means, the wave energy resource on Puerto
Rico is capable of satisfying the energy needs for the island
during the next twenty years.
According to a report from Georgia Tech, theoretical resource
potential for generation from ocean currents resources is
estimated to be 200 TWh/year.
7
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Microgrid market size estimates:
Market consulting firm, Markets and Markets estimates the global
market for remote/island microgrid segment was $11.10 billion in 2017
and is expected to reach $24.08 billion by 2023, at a higher CAGR of
13.16% between 2018 and 2023. Markets & Markets further segment
the remote/island/off-grid microgrids into: 5
(i)
(ii)
(iii)

Hardware
Software
Services

The market for hardware was valued at $6.22 billion in 2017 and is
expected to reach $12.69 billion by 2023, at a CAGR of 12.00%
between 2018 and 2023. The market for software was valued at $2.86
billion in 2017 and is expected to reach $7.10 billion by 2023, at the
highest CAGR of 15.74% between 2018 and 2023.
Competitors Current methods to store energy from ocean energy generators
include:
 Solar panels – not effective in many locations. Very expensive
to monitor and maintain
 Li-ion batteries and other battery types – short life, safety, not
viable in maritime environment, expensive to check and
replace.
 Diesel generators
5

Markets & Markets. “Microgrid market - global forecast to 2023.” June 2018. https://www.marketsandmarkets.com/Market-Reports/micro-grid-electronicsmarket-917.html [subscription required]
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Companies developing MHK storage:






Shell Energy North America
New Energy Corporation, Inc
Columbia Power Technologies, LLC
Ocean Power Technologies, Inc.
Ocean Renewable Power Company

The following sections are provided to assist REDC in the development of the non-technical sections of the Phase I proposal.

2.0. Need, Customers and End Users
This section provides information on the need and the potential customers, who also present the potential market.
2.1 Need Addressed
This subtopic requests applications to prove the concept of microgrids and energy resilience for remote rural communities using
marine hydrokinetics. Specifically desired is marine hydrokinetic (MHK) technologies that can operate as a base load power supply
for small microgrid systems (100KW-1MW) without the use of diesel are desired. As per the solicitation, DOE desires “marine
renewable energy (MRE) technologies that can operate as a base load power supply for small microgrid systems (100KW-1MW) that
provide power to remote communities.” The topic calls for microgrids for: 6
6

DOE Solicitation, https://science.energy.gov/~/media/sbir/pdf/TechnicalTopics/FY2019_Phase_I_Release_2_Topics.pdf
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Remote rural communities that are vulnerable to power outages resulting from extreme weather events can benefit from
microgrids because they are more resilient power supply systems.
Communities that are dependent on diesel fuel for power.
Exposure to extreme weather events compared with other renewable sources.

In addition, needs are identified in the still in draft form DOE report entitled, “Potential Maritime Markets for Marine and
Hydrokinetic Technologies” (April 2018). According to this report: 7
[Ocean power] resources present a great opportunity in the evolving “Blue Economy” as the breadth and depth of activities in
the ocean expand as never before. Marine renewable energy from waves, tides, and currents have the potential to serve as
seeds for energy oases in this ocean desert, supporting new endeavors and enabling the evolution of others. The U.S.
Department of Energy (DOE) Water Power Technologies Office (WPTO) supports marine energy research and development for
the supply of bulk power and services to the U.S. electric grid. However, marine renewable energy could have intrinsic strengths
in supplying power to smaller-scale applications or markets that other power sources simply do not have. DOE’s WPTO is looking
for near-term opportunities in which marine renewable energy could add value to applications and markets other than large scale grid power production and address common challenges with larger-scale development.

7

“Potential Maritime Markets for Marine and Hydrokinetic Technologies” (in draft)
DOE, 2018 https://www.energy.gov/eer e/articles/innovative-markets-marine-energy
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2.2 Customers and End Users
The still in draft form DOE report entitled, “Potential Maritime Markets for Marine and Hydrokinetic Technologies” (April 2018)8
provides a brief overview of potential mariti me markets for marine and hydrokinetic technologies. The maritime markets discussed
in this draft report include:










Ocean Observation and Navigation
Underwater Vehicle Charging: AUV, UUV, and ROVs
Desalination
Marine Aquaculture
Marine Algal Biofuels
Seawater Mining: Minerals and Gasses, Data Centers, Constructed Waterways, Shoreline Protection and Replenishment
Disaster Resiliency and Recovery,
Isolated Power Systems: Community Scale
Isolated Power systems: Utility Scale, and other applications: off grid small device consumer and industrial charging, maritime
transportation, and ocean cleanup.

Regarding power for isolated communities, the report identifies the need for microgrids as follows: 9
There are hundreds of isolated communities in the United States, primarily in Alaska and island territories, that have
microgrid power systems from 200 kW to 5 MW. All are currently dependent on diesel generators some or all of their power .
The energy cost is high, sometimes more than $1/kWh, and the cost varies with the ever-fluctuating price of oil. Transporting
diesel is difficult, expensive, and, in many cases, requires extensive storage capacity . Any commercial endeavor faces
investment risk because of the uncertainty of future oil prices and the resulting unpredictable energy costs for remote locations.
8

“Potential Maritime Markets for Marine and Hydrokinetic Technologies” (in draft)
DOE, 2018 https://www.energy.gov/eer e/articles/innovative-markets-marine-energy
9
“Potential Maritime Markets for Marine and Hydrokinetic Technologies” (in draft)
DOE, 2018 https://www.energy.gov/eer e/articles/innovative-markets-marine-energy
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The DOD (Department of Defense) has dozens of permanent bases that operate in these same regions with similar electricity
supply conditions and significant pressures to “… dramatically change energy consumption at an installation or joint base,
implement renewable energy technologies, and generate and store energy to improve supply resilience for critical loads…”. The
DOD also has numerous forward-operating bases that are often more remote from fuel sources and operate with higher cost
profiles.
Isolated resorts are another category of microgrid consumer. In Alaska these are often fishing resorts, some of which have been
around for generations. In both Alaska and the warmer island regions there is a growing eco resort sector and some of them are
remote. They all have the same incentives as the isolated communities for reducing or replacing diesel generation of power and
the eco resorts have the added incentive of needing to maintain a green footprint as much as possible while continuing to
provide the amenities expected by tourists.
Most of these isolated communities have access to harvestable MHK resources: wave energy or tidal current for coastal and
island communities and river current for inland locations. The desire to reduce energy costs and keep remote communities
viable has motivated subsidized energy for many communities. Alaska provides support to all remote communities to reduce
electric utility prices for residential users to a rate that is close to the larger grid-connected communities. This practice gives the
state an incentive to support the development and use of renewable technologies that have no fuel cost and the state support
could provide impetus for MHK deployment as costs decrease over time. If MHK technologies costs become significantly lower
than diesel costs, MHK technologies could improve the financial viability of remote communities by reducing dependency on the
state subsidy which is at risk. If further cost reduction allows costs to fall below subsidized rate it could reduce the cost of living
and allowing more money to circulate in the local economy.
In addition, 10

10

“Potential Maritime Markets for Marine and Hydrokinetic Technologies” (in draft)
DOE, 2018 https://www.energy.gov/eer e/articles/innovative-markets-marine-energy
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MHK technologies, operating individually or in combination with other local renewables, could provide critical electrical
generation, replacing current day dependence on diesel fuel. For riverine communities, the first level of development that
could provide operational experience is river current generators that provide sufficient daily energy to offset a small
community’s entire load during the summer. Igiuggig, Alaska, has been exploring the utilization of a river current generator that
provides about half of the community’s power. A community generating all its energy in this way would only need enough
storage to respond to the variations in load because the river current generator provides continuous power. These communities
cannot use small hydro as an alternative due to the size of the rivers and spring ice flow that make dams not a feasible answer for
a small community.
For some coastal communities, developing a tidal current system is similar to developing a river current system (but slightly more
challenging due to corrosion and varying current velocity and direction). Tidal currents, while predictable, vary hour by hour and
day to day. Greater storage capacity is needed to transfer energy produced during peak tidal flow to the slack tide period and
to respond to load variation during the day. There are also variations in the tidal range and current (Spring and Neap tides)
that depend on the alignment of the sun and moon, and the system must be designed to compensate for that with additional
storage or other forms of generation. Tidal generation has locations where ice will be less of an impact than it is for interior
rivers and northern Bearing Sea locations, specifically in the Gulf of Alaska and Aleutian Islands. The Bering Sea freezes over, and
many locations in the Bering Sea and Arctic Ocean could be impacted; however, the phenomena of frazil ice and breakup seen in
river current applications are not present. Frazil ice is a phenomenon in which the water reaches freezing temperature and forms
ice crystals but is too turbulent to freeze solid. The icy river is slushy on top and very abrasive. Therefore, operating tidal current
generators under the ice is feasible. Doing maintenance during ice-covered times of the year might not be economically viable or
even possible.
2.3 DOE HydroNEXT: Pumped hydrokinetics for non-power generating dams
In 2017, Energy Department selected six organizations selected to receive up to $9.8 million in funding to develop innovative
technologies that will reduce capital costs and deployment timelines for pumped-storage hydropower and non-powered dams.

13
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Supporting the Energy Department’s HydroNEXT initiative, these projects aim to lower costs, improve performance, and promote
environmental stewardship. According to DOE,11
Only three percent of the nation’s dams generate electricity. The non-powered dam (NPD) technology projects will help tap this
resource by supporting the development of low-head, modular designs, which use separate, similar components that can be
easily integrated and scaled to greater capacities. Modular designs can reduce infrastructure and construction costs and operate
flexibly over a range of conditions at existing dams. The pumped-storage hydropower (PSH) projects will study the feasibility of
innovative concepts for closed-loop pumped-storage hydropower systems.
Three organizations won awards, namely: 12

11
12



Shell Energy North America of Houston, Texas, will investigate the feasibility of building a 5 MW closed-loop—projects
typically consisting of two reservoirs that are not connected to naturally-flowing sources of water—pumped-storage system.
Specifically, the project will consist of a water storage tank, a pipeline/penstock, and a floating barge on the water. A
submerged membrane will act as a storage reservoir. The technology is a reliable, safe, and low-cost option to increase
closed-loop PSH development.



National Renewable Energy Laboratory of Golden, Colorado, will couple a Ternary Pumped-Storage Hydro (T-PSH)
technology—the fastest-acting and most advanced system available—with sophisticated transmission monitoring and control
equipment to address renewable energy integration issues. The project will provide a proof of concept for a highly flexible
system that can improve PSH’s ability to integrate variable renewables.



Obermeyer Hydro Accessories Inc. of Wellington, Colorado, will install reversible pump turbines with submersible permanent
magnet motor generators—a more cost-effective solution than underground power houses. Innovative pressure relief and
hoisting systems will eliminate the need for surge tanks and large cranes. The scalability and versatility of the desig n will
facilitate the storage of renewable energy throughout the United States.

DOE, https://www.energy.gov/eer e/water/articles/energy-department-awards-98-million-next-generation-hydropower-technologies
DOE, https://www.energy.gov/eer e/water/articles/energy-department-awards-98-million-next-generation-hydropower-technologies
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3.0. Microgrids in Rural and Isolated Communities
This section provides information on Microgrids in rural/island environments, with a focus on the United Sates.
3.1 Wave Resources
DOE’s Water Power Technologies Office (WPTO) has conducted resource assessments for MHK.




Waves
Tidal streams
Ocean currents

The Mapping and Assessment of the United States Ocean Wave Energy Resource report (Electric Power Research Institute (EPRI))
assesses ocean wave energy potential along the U.S. coasts. The theoretical resource potential for generation from wave resources
is estimated to range between 1,594–2,640 TWh/year. The technical resource potential for generation from wave resources is
estimated to range between 898–1,229 TWh/year. 13

13

Download the EPRI report from: https://www.energy.gov/sites/prod/files/2013/12/f5/riverine_hydrokinetic_resource_assessment_and_mapping.pdf
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Source: EPRI (2012).
The Assessment of Energy Production Potential from Ocean Currents along the United States Coastline report (Georgia Tech)14
assesses the maximum theoretical power resource contained in the ocean currents. The theoretical resource potential for
generation from ocean currents resources is estimated to be 200 TWh/year.
The figure below shows the US wave energy resources.

14

https://www.energy.gov/sites/prod/files/2013/12/f5/energy_production_ocean_currents_us_0.pdf

17

Renewable Energy Design Concepts Llc. 389 Collins Rd. Toledo, WA 98591 www.redcenergy.com

(360) 219-8934

Source: DOE, 201715

15

https://www.energy.gov/sites/prod/files/2017/12/f46/MHK%20Background%20Info.pdf
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3.2 Remote and Isolated Communities in the US
U.S. markets include coastal and interior Alaska, 16 islands off the Maine coast, smaller Hawaiian Islands, and smaller territorial
islands. Remote resorts are present from Bering Seas fishing lodges to Caribbean diving retreats.
The “Potential Maritime Markets for Marine and Hydrokinetic Technologies” (April 2018) 17 also provides the following synopsis
pertaining to isolated communities in the United States:
Isolated U.S. communities with a load less than 5 MW have a combined market of more than 70 MW, which is $350 million in
MHK technologies installed cost (assuming $5 per Watt installed). The U.S. market includes approximately 175 to 300 small
communities in Alaska, the two smaller Hawaiian islands of Lanai and 3 Molokai, a couple of dozen islands mostly off the
Maine coast, four inhabited islands in the Northern Mariana Islands, and some islands in American Samoa. Other major island
territories, such as Guam, have larger utilities and are covered in the Isolated Power Systems Utility Scale. There is a growing
number of remote and ecotourist resorts. Some are included in the power systems of the isolated communities above and
some are independent. No database of remote resorts and their electrical loads has been identified.


DOD operates numerous Pacific Island facilities in the Marshall Islands, Guam, and Okinawa, as well as Diego Garcia in the
Indian Ocean. Some of these bases will have loads larger than the 5-MW target, but the basic market and benefits of
MHK technologies will still apply. DOD has nine bases in Alaska; about half are coastal and could benefit from MHK
technologies.

MHK technologies remote areas serve a market niche with high energy costs so it is easier to be competitive. “The potential
customers have relatively small power requirements that may make projects easier to finance for the early high-risk demonstrations
of the technology.” For example, “planning and financing early projects in Alaska will require cooperation between the state
government and the local utility. Both have a financial stake in the energy system. The state provides a fuel subsidy for power
16

https://scholarship.law.duke.edu/cgi/viewcontent.cgi?article=1541&context=alr
“Potential Maritime Markets for Marine and Hydrokinetic Technologies” (in draft)
DOE, 2018 https://www.energy.gov/eer e/articles/innovative-markets-marine-energy
17
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generation in high-cost remote communities. The drawback is that because the state pays approximately half of the cost of
electricity in these remote communities, if it does not provide much of the capital cost for a renewable energy system there is less
incentive for the small local utility to fund a project.” 18
Many rural communities in Alaska also rely primarily on diesel generators for power. Alaska ranked second only to Hawaii in the
United States for its share of electricity generated by diesel generators. “Even though Alaska’s population is the fourth sma llest in
the United States, the state’s per capita energy use is third in the country due to the cold winters and energy-intensive industry.
Rural communities in the state have no access to a grid and instead derive power from ‘rural power providers,’ primarily using diesel
electricity generators. In the larger communities in Alaska, natural gas is the primary power source, accounting for half of Alaska’s
power generation, with hydroelectric and petroleum liquids each making up a fifth of the power supply.” 19
The DOD is also another potential customer. The DoD “has bases in Alaska, Puerto Rico, the Bahamas, U.S. Virgin Islands, Cuba, and
other remote areas. The interior Alaska communities have river current potential, and the coastal and island communities usua lly
have wave and tidal current resources. High-latitude locations with winter ice covering most rivers will only be generating power
during half the year unless river/tidal generators are developed for use under the ice.” 20 Hence, the DOD might be a potential initial
customer for installation in Puerto Rico, with others potentially nearby, such as the Bahamas, U.S.V.I. and Cuba.
The still in draft form DOE report entitled, “Potential Maritime Markets for Marine and Hydrokinetic Technologies” (April 2018)21
provides an overview of the potential market as follows:
Water (islands) or being remote from population centers (for example, more than 300 communities in interior and coastal
Alaska). Utilities with a load greater than 5 MW have scale advantages that can lower their costs. These utilities also have larger
18

“Potential Maritime Markets for Marine and Hydrokinetic Technologies” (in draft)
DOE, 2018 https://www.energy.gov/eer e/articles/innovative-markets-marine-energy
19
https://scholarship.law.duke.edu/cgi/viewcontent.cgi?article=1541&context=alr
20
https://scholarship.law.duke.edu/cgi/viewcontent.cgi?article=1541&context=alr
21
“Potential Maritime Markets for Marine and Hydrokinetic Technologies” (in draft)
DOE, 2018 https://www.energy.gov/eer e/articles/innovative-markets-marine-energy
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populations that correlate with better transport connections. Isolated U.S. communities with a load less than 5 MW have a
combined market of more than 70 MW, which is $350 million in MHK technologies installed cost (assuming $5 per Watt
installed). The U.S. market includes approximately 175 to 300 small communities in Alaska, the two smaller Hawaiian islands of
Lanai and Molokai, a couple of dozen islands mostly off the Maine coast, four inhabited islands in the Northern Mariana Islands,
and some islands in American Samoa. Other major island territories, such as Guam, have larg er utilities.
In Maine, Isle au Haut residents plan to install a sophisticated microgrid this spring that could eventually end their reliance on
expensive power and heating fuel from the mainland. “As on many of the other 14 Maine islands inhabited year-round, Isle au Haut
residents pay at least double the amount a Portland or Bangor resident would for their electricity, kerosene and oil. Compounding
matters, an aging undersea electric cable between Stonington and the island could fail any day. Isle au Haut is 6 miles long, 2 miles
wide and located 6 miles off Stonington. It has 73 year-round residents and four times that in the summer. Half of the island is part
of Acadia National Park.”22
There is a growing number of remote and ecotourist resorts. Some are included in the power systems of the isolated communities
above and some are independent. The DOD operates numerous Pacific Island facilities in the Marshall Islands, Guam, and Okinawa,
as well as Diego Garcia in the Indian Ocean. Some of these bases will have loads larger than the 5-MW target, but the basic market
and benefits of MHK technologies will still apply. DOD has nine bases in Alaska; about half are coastal and could benefit fro m MHK
technologies.
The international market is much larger, comprised of thousands of small island and remote coastal communities. Indonesia alone
has 13,000 rural communities without utility power services. A competitive MHK system will have a large global market space to
develop. The DOD has nine bases in 3112 Alaska; about half are coastal and could benefit from MHK technologies.

22

https://bangordailynews.com/2018/03/05/energy/maine-islands-plan-to-build-its-own-energy-grid-could-change-the-game-for-remote-communities/
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3.2.1 Grid-Level U.S. Isolated Power System
Isolated power system markets are the Hawaiian Islands, the U.S. Virgin Islands, Puerto Rico, and Pacific Island territories. There are
eight utilities with more than 5 MW of load in Hawaii and U.S. island territories, such as Guam and the U.S. Virgin Islands, that rely
on expensive imported fuel to make most or all their electricity. The total load for these eight utilities is over 1,300 MW. 23
Assuming 25% of that could be converted to MHK generation at an installed cost of $4 million a megawatt, the market value is
approximately $1.3 billion. In addition, the U.S. Virgin Islands uses diesel generators that consume 11 million gallons of fu el a
year to drive desalinization plants that purify 2 billion gallons of water annually . Use of diesel generators for these high-cost
utility markets causes energy price volatility due to fluctuating oil prices, as well as other negative impacts, such as high
greenhouse gas emissions and localized air pollution. However, most island utilities have wave and/or tidal current resources,
and early MHK projects could significantly reduce reliance on diesel fuel. There are plenty of multimegawatt opportunities for
MHK projects with an avoided cost that is more than $0.30/kWh.
The existing large utilities, which are already present on these islands, have the resources to develop controls and manageme nt
infrastructure to support complex systems. For example, Hawaii is already producing 25% of its electricity from wind, solar PV,
hydroelectric, geothermal, waste burning, and biomass sources, and the U.S. Virgin Islands has a program to reduce fossil fue l use in
generating electricity by 60% by 2025.
Below is an example of Puerto Rico:
Puerto Rico is failing relative to traditional reliability measures. The System Average Interruption Frequency Index (SAIFI) is
11.61/year, the System Average Interruption Duration Index (SAIDI) is 48 and the Customer Average Interruption Duration Index
(CAIDI) at 180 minutes/month. There is no doubt Puerto Rico needs a full transformation. The main fuel sources for the generation
fleet are mainly four different fossil fuels. They are heavy fuel oil, diesel, natural gas and coal. Renewable energy onl y encompasses
around 2% of the generation. The majority of the fleet is over its useful life. The local utility (PREPA) needs to replace the fleet to
23

“Potential Maritime Markets for Marine and Hydrokinetic Technologies” (in draft)
DOE, 2018 https://www.energy.gov/eer e/articles/innovative-markets-marine-energy
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mange to control costs, maintain reliability and comply with environmental regulations. The solution for reliability and resiliency
for the Commonwealth is to explore additional renewable energy resources and microgrids. Out of the multiple possible renewable
resources, marine hydrokinetics with pumped storage appears to be the most appropriate.
Puerto Rico’s utility plans to segment the island’s electrical grid into eight minigrids as outlined in a draft integrated resource plan
(IRP) that the Puerto Rico Electric Power Authority (PREPA) plans to finalize and submit to regulators February 12, 2019 . To
further increase the island’s energy resiliency, the IRP plan calls for various smaller microgrids installed within the minigrids.
Microgrids also would be built in remote areas of Puerto Rico not easily accessed by transmission lines or suitable for a minigrid.24
According to the report Puerto Rico has hydroelectric generating: 25
PREPA has 21 hydroelectric generating units at 11 generating facilities for a total installed nameplate capacity of 105 MW .
However, some of these units are not operational, or are underutilized due to staffing and funding shortages resulting in
deferred maintenance issues. The operational units total 34 MW with a capacity factor of less than 20 percent as of the first
quarter of 2018. In an effort to alternative methods that could economically increase the output and continuing operation from
these clean hydroelectric resources, PREPA issued a Request for Proposal (RFP) regarding long -term lease and energy sales
agreement for their hydroelectric power plants.

24
25

Download the report from http://energia.pr.gov/wp-content/uploads/2019/01/Motion-CEPR-AP-2018-0001-2.pdf
Download the report from http://energia.pr.gov/wp-content/uploads/2019/01/Motion-CEPR-AP-2018-0001-2.pdf
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Below is an example of wave energy project Hawaii:

Source: https://energy.hawaii.gov/wpcontent/uploads/2011/10/HSEOFactsFigures_May2017_2.pdf
24
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Below is an example in Alaska:
According to DOE, in “Alaska, the potential for new hydropower development is limited by the market, not the resource; the 4.7 GW
potential from previously identified hydro-power sites is double the entire state’s installed electric generating capacity as of 2014. …
The third Alaska power market comprises rural communities scattered across the state without formal grid access. These
communities rely on diesel generators, and maintain low power consumption in order to avoid high prices ($0.30–$1.00/kWh in
2011).” 26 Specifically, 27
Rural Alaska consists of a patchwork of mostly isolated communities with limited infrastructure. The communities use primarily
diesel generation for their power supply. In fiscal year 2015, the 184 largest communities in rural Alaska had a combined
population of 83,400 residents. For the most part, village centralized power systems are isolated grids that are not
interconnected due to the low loads, topography, and long distances that separate them. Through the Alaska Energy Authority,
the state provides economic assistance via the Power Cost Equalization program to communities and residents in rural Alaska
burdened with high power costs. Other Authority programs include rural power systems, bulk fuel upgrades, and village energy
efficiency. Alaska Energy Authority also provides technical assistance with operations issues (reliability and efficiency) of the
power plants for these remote villages; training for bulk fuel and power plant operators; and more advanced training for
hydropower facility operators.
In some cases, hybrid micro-grids containing hydro-power generation and at least one alternative energy resource are
proposed or in place where Alaska Energy Authority assists with the integration of local renewable energy resources.
Hydropower is used where available, such as in Kodiak, where the electric utility is supplied by 80% hydropower and 19% wind.
The Copper Valley Electric Association’s mix of hydro-power and diesel in Valdez is connected via transmission to the utilities’
diesel generation in Glennallen. Gustavus, Chignik Lake, Larson Bay, and Atka all have small run-of-river hydropower that
provides most electricity, augmented by standby diesel.

26
27

https://www.energy.gov/sites/prod/files/2018/02/f49/Hydropower-Vision-021518.pdf
https://www.energy.gov/sites/prod/files/2018/02/f49/Hydropower-Vision-021518.pdf
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4.0. Microgrids Market Estimates
This section provides information that addresses the market size, projections, drivers and barriers of the 2-page commercial
potential section of the DOE Phase I proposal. We note that since your technology is a niche product, market data is provided at a
high level, and does not necessarily size the potential opportunity of your technology.
According to Navigant Research, which has tracked microgrid deployment since 2011, the North America (34%) and Asia has
roughly 40% of the market. 28

28

“Global Microgrid Tour: All Signs Point to Australia,” Peter Asmus. May 2018. https://microgridknowledge.com/wp-content/uploads/2018/05/Global Microgrids-Asmus.pdf
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Source: Navigant (May 2018). 29
Navigant breaks the microgrid ma rket into the following segments (with % of total deployed power capacity: Remote (39%),
Commercial/Industrial (25%), Community (8%), Utility Distribution (14%), Institutional/Campus (9%), and Military (5%).30
29

“Global Microgrid Tour: All Signs Point to Australia,” Peter Asmus. May 2018. https://microgridknowledge.com/wp-content/uploads/2018/05/Global Microgrids-Asmus.pdf
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Source: Navigant (May 2018). 31

30

“Global Microgrid Tour: All Signs Point to Australia ,” Peter Asmus. May 2018. https://microgridknowledge.com/wp-content/uploads/2018/05/Global Microgrids-Asmus.pdf
31
“Global Microgrid Tour: All Signs Point to Australia,” Peter Asmus. May 2018. https://microgridknowledge.com/wp-content/uploads/2018/05/Global Microgrids-Asmus.pdf
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A forecast issued by Navigant Research in the report entitled, “Market Data: Microgrids.”32 identifies several new trends emerging in
the global microgrid market as it moves toward becoming a $30.9 billion industry by 2027. Highlights from this report are
summarized in the press release, entitled, “What’s Driving Microgrids toward a $30.9B Market?.” According to this press release,33








The international market is much larger, comprised of thousands of small island and remote coastal communities.
Indonesia alone has 13,000 rural communities without utility power services. A competitive MHK system will have a
large global market space to develop. DOD has nine bases in Alaska; about half are coastal and could benefit from MHK
technologies.
Asia Pacific already shows more capacity under development, but it is concentrated in remote systems in developing
world nations. If one focuses on grid-tied systems, North America – primarily the US – is still in the lead and will remain
so for quite some time. Hot spots in Asia Pacific region are Australia, India, Japan and China.
Growth is not spread evenly along all market segments. Remote microgrids, the most mature market globally, increased
roughly 30 percent if compared to previous market forecasts.
North America remains a vibrant market but is eclipsed by Asia Pacific over time due to sheer population growth and lack
of traditional grid infrastructure, creating opportunities for remote microgrids in particular.
Among customer types, commercial & industrial companies are adopting microgrids most quickly.

In its “Microgrid Deployment Tracker” report, Navigant Research identified more than 240 additional microgrid projects,
representing over 1,239 MW. As of 4Q 2018, globally, Navigant identified 2,258 microgrid projects representing 19,575.0 MW of
planned and installed power capacity. North America is the leading microgrid market in terms of total capacity, followed by Asia
Pacific and the Middle East & Africa. Solar PV and energy storage feature prominently in modern microgrid systems, particularly as
rural electrification and energy access programs fuel growth in the remote segment. According to Navigant, remote microgrids
represent nearly 40% of all microgrid capacity globally with a total of 7,604.4 MW. The next largest customer segme nts by capacity

32
33

https://www.navigantresearch.com/reports/market-data-microgrids
What’s Driving Microgrids toward a $30.9B Market?. August 30, 2018. Elisa Wood. https://microgridknowledge.com/microgrid-market-navigant/
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are commercial/industrial (C/I) and utility distribution, with 5,542.9 MW and 2,307.9 MW, respectively. The remote segment al so
leads the market in terms of new capacity additions in this edition of the Tracker, with 67 new entries representing 415.4 MW. 34
Additional information on microgrids can be found in the briefing entitled, “Global microgrid tour: all signs point to Australia,”
presented by Navigant’s Peter Asmus, Principal Research Analyst at the “Microgrid 2018” conference in May 2018. 35 Remote
microgrids represent 39% of all microgrid capacity globally. Hydropower microgrids represent less than 6% of all microgrid capacity
through 2027.

34

Microgrid Deployment Tracker 4Q18. Navigant. https://www.navigantresearch.com/reports/microgrid-deployment-tracker-4q18
“Global Microgrid Tour: All Signs Point to Australia,” Peter Asmus. May 2018. https://microgridknowledge.com/wp-content/uploads/2018/05/GlobalMicrogrids-Asmus.pdf
35
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Source: Navigant (May 2018).
Other estimates are from the 2016 Frost & Sullivan report entitled, “Growing Opportunity in the Global Microgrid Market.”36
According to this report,


The Global microgrid market revenue is expected to grow at a compound annual growth rate (CAGR) of 17.1% from 2015 to
2022, with Rest of World (ROW) and Asia-Pacific (APAC) showing the fastest growth.



Rural and island microgrids are expected to show the strongest global CAGR of 23.0% for the period, driven by national
electrification policies and hybrid plant development for industrial applications.



North America, driven largely by the US market, accounts for almost 50% of the global microgrid market, with revenue of
$2.04 billion for 2015.



APAC was the second-largest market at $1.02 billion, largely driven by electrification in India and China, island grids in
Indonesia, and industrial microgrids in Australia.



Four business models—hybrid, private investor, community, and utility—exist for microgrid development; they differ
depending on the environment, socio-economic context, size and end-use application, and the regulatory environment in
which it is being developed.

36

“Growing Opportunity in the Global Microgrid Market.” Frost & Sullivan. September 2016. https://store.frost.com/growing-opportunity-in-the-globalmicrogrid-market.html
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Markets & Markets report entitled, “Microgrid market - global forecast to 2023,”(June 2018),
projects the overall microgrid market was $ 19.22 billion in 2017 and is expected to reach
$39.10
billion by 2023, at a CAGR of 11.97% between 2018 and 2023. Markets & Markets segment the
market into types of microgrids: 37



Connected to the main grid (grid connected): has multiple generators, substantial
distribution, and sophisticated controls within the microgrid.
Isolated (remote/island/off-grid): provides power only to the local loads and is not able
to draw and supply power to the main utility grid.

Market estimates and projections are shown below for the two microgrid types through 2023.

Source: Markets & Markets (June 2018)
The remote/island microgrid is of most interest to Wave Energy Institute, LLC. Markets &
Markets define this segment as: 38
Remote/island/off-grid microgrids are mainly used to provide diverse power sources for
geographically remote communities and developing countries. Along with the expansion
of electricity infrastructure in developing countries, many remote microgrids are being
designed to be self-sufficient to cater to complex setups such as remote islands or distant
villages where transmission via traditional electric utility players is not viable. As these

37

Markets & Markets. “Microgrid market - global forecast to 2023.” June 2018.
https://www.marketsandmarkets.com/Market-Reports/micro-grid-electronics-market-917.html [subscription
required]
38
Markets & Markets. “Microgrid market - global forecast to 2023.” June 2018.
https://www.marketsandmarkets.com/Market-Reports/micro-grid-electronics-market-917.html [subscription
required]
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microgrids never connect to a larger grid and operate in island mode, there exists greater
need for storage than other grid-tied microgrids.

Source: Markets & Markets (June 2018)
The Global market for remote/island microgrid segment was valued at $11.10 billion in 2017
and is expected to reach $24.08 billion by 2023, at a higher CAGR of 13.16% between 2018
and 2023.
Markets & Markets further the remote/island/off-grid microgrids into: 39




Hardware
Software
Services

The market for hardware was valued at $6.22 billion in 2017 and is expected to reach $12.69
billion by 2023, at a CAGR of 12.00% between 2018 and 2023. The market for software was
valued at $2.86 billion in 2017 and is expected to reach $7.10 billion by 2023, at the highest
CAGR of 15.74% between 2018 and 2023.

39

Markets & Markets. “Microgrid market - global forecast to 2023.” June 2018.
https://www.marketsandmarkets.com/Market-Reports/micro-grid-electronics-market-917.html [subscription
required]
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Source: Markets & Markets (June 2018)
In another report entitled “Wave and Tidal Energy Market by Type, 2017 – 2024,” market
consulting firm, Zion Market Research, valued the global wave and tidal energy market at
approximately $281.14 million in 2017. The market is expected to generate revenue of around
$2,975.48 million by the end of 2024, growing at a CAGR of around 40.08% between 2018 and
2024. Zion identifies the following drivers:40
Wave and tidal energy provide a renewable source of electricity. Wave energy is known as
the energy of the ocean surface waves, captured for desalination, electricity generation,
and pumping of water into reservoirs. However, their intrinsic fluctuations may have a
negative impact on the quality of power of the local electrical network. Grid operators
assess this impact by using dynamic models of generation units, that are inserted into the
overall power system model. Increasing investment in renewable energy and rising
government initiatives to promote the use of marine energy is expected to drive the global
wave and tidal energy market growth over the forecast period. Wave and tidal energy are
the sustainable methods used to harness the energy of oceans for power generation. Rising
usage of renewable energy as it provides a constant and steady source of clean energy is
expected to further drive industry growth over the forecast period.
Issues for microgrids in remote areas are highlighted below.

40

Global Wave and Tidal Energy Market Set For Rapid Growth, To Reach Value Around USD 2,975.48 Million By
2024
01-Oct-2018 | Zion Market Research, https://www.zionmarketresearch.com/news/wave-and-tidal-energy-market
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Source: Energy Storage Trends and Opportunities in Emerging Markets. (2017). 41

4.1 Microgrid Value Chain
According to Markets & Markets report entitled, “Microgrid market - global forecast to
2023,”(June 2018), the microgrid value chain includes: 42
(i) Planning and R&D phase, which involves project planning and research; it is then
followed by solution designing.
(ii) The next step involves component providers, including hardware and software
providers, followed by system integrators. Hardware includes switchgears, power
41

https://www.ifc.org/wps/wcm/connect/ed6f9f7f-f197-4915-8ab6-56b92d50865d/7151-IFC-EnergyStoragereport.pdf?MO D=AJPERES
42
Markets & Markets. “Microgrid market - global forecast to 2023.” June 2018.
https://www.marketsandmarkets.com/Market-Reports/micro-grid-electronics-market-917.html [subscription
required]
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inverters, smart meters, reciprocating engines, energy storage systems, and power
generators; and software includes different microgrid controller software, such as
microgrid as a service (MaaS). System integrators assemble, engineer, and integrate
component subsystems into a customized working system.

Source: Markets & Markets (June 2018)
The value chain of remote microgrids and nanogrids differs slightly in makeup from utility-scale
grid. The figure below illustrates the major components of a remote power system project.
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Source: Energy Storage Trends and Opportunities in Emerging Markets. (2017). 43
4.2 Hydro Power Market
According to a new report, "Hydropower Vision: A New Chapter for America’s First Renewable
Electricity Source," 44 from the U.S. Department of Energy (DOE), Hydropower provided 6.2% of
the nation’s electricity, 48% of all renewable electricity, and 97% of all energy storage in 2015.
Through 2030, the DOE study reports, growth will come mainly from “optimizing and upgrading
the existing fleet and powering non-powered dams.” But between 2030 and 2050, the study
foresees solar and wind rising to a 45% U.S. grid penetration, driving the development of a
remarkable 35.5 GW of new PSH to balance the variable generation.

43

https://www.ifc.org/wps/wcm/connect/ed6f9f7f-f197-4915-8ab6-56b92d50865d/7151-IFC-EnergyStoragereport.pdf?MO D=AJPERES
44
Hydropower Vision: A New Chapter for America’s First Renewable Electricity Source. DOE,
https://www.energy.gov/sites/prod/files/2018/02/f49/Hydropower -Vision-021518.pdf
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Source: https://www.energy.gov/sites/prod/files/2018/02/f49/Hydropower-Vision-021518.pdf
Existing pumped storage hydropower capacity in the United States is shown below
According to DOE, over 87,000 U.S. dams, less than 2,200, or 3%, both generate electricity and
serve non-generating needs like flood control, irrigation, recreation, navigation, and drinking
water supply. 45
Regarding ownership, DOE reports that, 46
Federal agency ownership (including the U.S. Army Corps of Engineers, the U.S. Bureau of
Reclamation, and the Tennessee Valley Authority) accounts for the majority (approximately
49%) of installed capacity; public ownership (including public utility districts, irrigation
districts, states, and rural cooperatives) accounts for approximately 24% of installed
capacity; and private ownership (including investor-owned utilities, independent power
producers, and industrial companies) accounts for approximately 27% of installed capacity.

45
46

https://www.energy.gov/sites/prod/files/2018/02/f49/Hydropower -Vision-021518.pdf
https://www.energy.gov/sites/prod/files/2018/02/f49/Hydropower -Vision-021518.pdf
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Source: https://www.energy.gov/sites/prod/files/2018/02/f49/Hydropower-Vision-021518.pdf
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Source: https://www.energy.gov/sites/prod/files/2018/02/f49/Hydropower-Vision-021518.pdf
DOE warns that, “development of 4.8 GW of generating potential from these non-power dams
(NPD) might face significant objections from “multiple and varied interests and stakeholders .”
However, as demand for electricity from renewable sources grows, objections may fade if
technologies offer adequate protections to environmental, recreational, and other concerns.
General interest in pumped storage is growing, however, much of installed PSH capacity is
open-loop, meaning that reservoirs are part of a naturally flowing water feature, such as a
river:
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Source: https://www.scottmadden.com/reports/V17_I2/EIU_V17_I2_2017_Digital.pdf
Closed-loop systems—composed of two man-made reservoirs not connected to natural body
of water—are of interest:
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Source: https://www.scottmadden.com/reports/V17_I2/EIU_V17_I2_2017_Digital.pdf
Also note that every hydro project requires a license, however, Federal Energy Regulatory
Commission (“FERC”) licensing jurisdiction is limited to hydroelectric projects :47
A hydroelectric project is subject to FERC’s mandatory licensing jurisdiction under Federal
Power Act (FPA) Section 23(b) it is: (1) located on “navigable waters of the United States;”
(2) occupies federal lands; (3) uses surplus water or water power from a federal dam; or (4)
is located on non-navigable waters and affects the interests of interstate or foreign
commerce, including the sale of power into the interstate grid. However, FERC’s authority
to issue a license is broader than Section 23(b). Under FPA Section 4(e), FERC is authorized
to issue a license to a voluntary applicant for any project located “across, along, from or in”

47

http://www.vnf.com/webfiles/Pumped%20storage.pdf
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any stream or other water body subject to Congress’ Commerce Clause authority, even if
licensing is not required.

Another challenge is navigating the duplicative and uncertain processes and outcomes of US
Army Corps of Engineers (Corps) Clean Water Act (CWA) Section 404 dredge and fill permits
for projects on navigable waters, and a Rivers and Harbors Act Section 14 facilities
alteration permit if a project uses a Corps dam. If the project occupies any National Forest
or lands managed by the Department of the Interior, a permit is also required under the
Federal Land Policy and Management Act. The desire to minimize environmental impacts in
order to reduce costly regulatory processing and mitigation measures, including public
recreation requirements, has led many developers to propose closed-loop pumped storage
projects, which FERC defines as those not continuously connected to a naturally flowing
water feature.
Most hydro projects require a license because they satisfy one of the four criteria of Section
23(b). However, a closed-loop project that uses only groundwater and is located on nonfederal land should not require a license. If such a project is located on federal land, FERC
holds that it must be licensed regardless of the source of the water. However, assuming no
jurisdictional wetlands are involved, neither a Corps dredge and fill permit under CWA
Section 404 nor a state water quality certification under CWA Section 401 should be
required because groundwater is not a water of the United States.

5.0. Competition
Competitors are those companies designing microgrids for communities with a good sources of
MHK from ocean waves and/or rivers. Current methods to store energy from ocean energy
generators are discussed in this section
5.1 Overview
According to market research firm IHS, the global energy storage market is growing
exponentially to an annual installation size of 6 gigawatts (GW) in 2017 and over 40 GW by
2022 — from an initial base of only 0.34 GW installed in 2012 and 2013. Storage technologies
include Flywheel and battery energy storage systems and power turbine generators.48
According to a 2016 Bloomberg New Energy Finance (BNEF) industry research report, the offgrid solar sector should reach $3.1 billion by 2020. The energy storage sector is positioned to
48

http://energystorage.org/energy-storage/facts-figures
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follow the same upward growth trend. Today, off-grid applications ranging from private
residences and eco-resorts, to remote lighting, telecom and community microgrids in
developing countries, benefit from battery storage solutions. 49
In the report, “Global Off-grid Energy Storage System Market 2016-2020” (September 2016),
market consulting firm, Technavio reports that: 50
The global off-grid energy storage system market is characterized by the presence of a large
number of global, regional, and local vendors. These vendors provide high-tech, highly
customized batteries for battery energy storage. The high market growth rate of the off -grid
storage system market is expected to attract many vendors worldwide. In addition, many
global vendors are expected to increase the competition with their enhanced Li-ion,
sodium-sulfur, and advanced LAB products during the 2016 - 2020. The market also
comprises many small-scale manufacturers that produce and sell batteries. Large players
with diversified business operations can manage their profitability during the volatile
demand for batteries because revenues from other sources offset the decline in battery
revenues,
The market share of lithium-ion (Li-ion) batteries is expected to grow significantly during
the forecast period. These batteries offer more than double the service life of lead -acid
batteries (LAB). In addition, they require low maintenance and are lightweight and
compact. Due to these advantages Li-ion batteries are preferred in off-grid energy storage
systems.
Technavio highlights the following trends: 51
Global off-grid energy storage system market to grow steadily [2016 – 2020] and estimate
the market to post a CAGR of almost 7% by 2020. This market research analysis identifies
the growth in demand from the telecom sector as one of the primary growth factors for
this market. The recent years have seen an exponential growth of the telecom sector across
the globe. To support the rapid explosion in traffic and provide better coverage, telecom
operators have started installing new base transceiver stations (BTS). This has led to the
installation of telecom towers in remote locations, which resulted in the adoption of diesel
generators due to unreliable grid connections. Diesel accounts for more than 40% of the
49

https://www.renewableenergyworld.com/articles/2018/10/fueling-the-future-how-batteries-are-improving-inthree-ways.html
50
https://www.technavio.com/report/global -energy-storage-global-grid-energy-storage-system-market-20162020?utm_source=T5&utm_campaign=Media&utm_medium=BW
51
https://www.technavio.com/report/global -energy-storage-global-grid-energy-storage-system-market-20162020?utm_source=T5&utm_campaign=Media&utm_medium=BW
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total operating expenditures and also pollutes the environment, which in turn, will induce
telecom operators to use off grid energy storage systems to power their BTS. Some of the
major telecom operators such as Bharthi Airtel and Eltek have already announced the
installation of off grid power storage systems such as lithium-ion batteries and hybrid solar
photovoltaic systems for powering their telecom towers.
Focusing on making advancements in the battery storage technology, companies will start
increasing their R&D investments to develop new technologies that can considerably reduce
battery costs. Aqueous solar flow created by the researches at Ohio State University that
involves the integration of solar and lithium-iodine technology, the replacement of silicon
anodes for Li-ion batteries with reed leaves, and the adoption of crystal graphene to coat
silicon cathodes that resulted in doubling the capacity of Li-ion batteries, are some of the
recent advances in the energy storage systems market.
Technavio lists the following top five off-grid energy storage system market vendors:52
Aquion Energy: Aquion Energy provides energy storage solutions. It offers sodium-ion
batteries, off-grid generator optimization, grid-level energy service applications,
transmission operators, power producers, and off-grid renewables for industries and
consumers. Aquion Energy primarily provides Aqueous Hybrid Ion battery systems for
applications of energy storage systems.
Eguana Technologies supplies high-performance power conversion and control systems for
energy storage systems. Aquion Energy completed its field trials of Eguana’s Bi -Direx
inverter with AHI high-performance batteries. The Bi-Direx inverter is a highly efficient, gridinteractive designed for low-voltage distribution and storage energy systems for microgrids
and smart grids.
Green Charge: Green Charge offers ways to save energy costs and serves commercial and
industrial businesses, municipalities, and schools. It offers risk-free financed energy storage
and software to help in time-shifts power use. It also optimizes electronic vehicle charging
solar and measures energy efficiency. The company also operates through its offices in New
York and San Diego, US. Green Charge established its presence in the energy storage sector
with its offerings such as GreenStation and Power Efficiency Agreement. Some of its
partners are Nissan, SunEdison, ChargePoint, NRG eVgo, Flextronics, Samsung SDI, ITOCHU,
Con Edison, US Department of Energy, California Energy Commission, and ABM.

52

https://www.technavio.com/report/global -energy-storage-global-grid-energy-storage-system-market-20162020?utm_source=T5&utm_campaign=Media&utm_medium=BW
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LG Chem: LG Chem manufactures, supplies, and exports petrochemical goods, information,
electronic materials, batteries, and related products and solutions. As of December 2014,
the company generated revenue of $20.32 billion and invested $0.46 billion in R&D. It had
24,928 employees in FY2014. Some of the subsidiaries of the company include LG Chem HK,
LG Polymers India, Ningbo Zhenhai LG Yongxing Trading, and Tianjin LG BOTIAN Chemical.
NEC Energy Solutions: NEC Energy Solutions manufactures and markets advanced batteries
for backup power, electric grid, and lead-acid replacement applications, using advanced
energy storage technologies. The company markets its products through online resellers to
customers in North America, APAC, and EMEA. The company offers lead-acid replacement
batteries, component cells, and grid storage solutions. It operates as a subsidiary of NEC.
NRG Energy: In July 2015, NRG Energy entered into a channel partnership agreement with
Lucid (a cloud-based building management company) to accelerate the adoption of Lucid’s
BuildingOS platform with NRG Renew’s (a subsidiary of NRG Energy) client base. In July
2015, the company announced the partnership with Ice Energy (a company that provides
distributed thermal energy storage for utilities) to reduce California’s peak energy demand
by providing an innovative energy storage solution.
The other prominent vendors in the market are Amperex Technology, Boston Power, China
Aviation Lithium Battery, EnerSys, GE Energy Storage, Mitsubishi Heavy Industries, Primus
Power, SAFT, Sumitomo Electric Industries, Toshiba, and Xtreme Power. 53
According to the “Off-grid renewable energy systems: Status and methodological issues” (2015)
report provides an overview of additional off-grid storage solutions in operation, 54


A significant number of households—almost 26 million households or an estimated 100
million people in all—are served through off-grid renewable energy systems: some 20
million households through solar home systems, 5 million households through
renewables-based minigrids, and 0.8 million households through small wind turbines.



There is a large market to replace diesel generators with renewable energy sources in
off-grid systems. Currently, there are ca. 400 gigawatts(GW) of diesel capacity (>0.5
megawatts (MW)) in operation, either in the form of industrial facilities and mines
operating remotely, as back-up units where electricity supply is unreliable or as
community mini-grids. Some of the diesel generators are single machines with more

53

https://www.technavio.com/report/global -energy-storage-global-grid-energy-storage-system-market-20162020?utm_source=T5&utm_campaign=Media&utm_medium=BW
54
the “Off-grid renewable energy systems: Status and methodological issues” (2015). https://www.irena.org//media/Files/IRENA/Agency/Publication/2015/IRENA_Off -grid_Renewable_Systems_WP_2015.pdf
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than 10 MW capacity. 50 to 250 GW of the total installed diesel capacity could be
hybridized with renewables, of which around 12 GW is located on islands.


More than six million solar home systems are in operation worldwide, of which three
million are installed in Bangladesh. Moreover, nearly 0.8 million small wind turbines are
installed.

Other noteworthy storage technologies include: Pumped hydro, compressed air energy storage
(CAES), and flywheel are traditional methods for storing energy. The figure below from the
Frost & Sullivan report entitled, “Global Energy Storage Market Outlook, 2018” (February
2018).55 This report provides information on energy storage. However, these are grid-level and
not off grid.

Source: Frost & Sullivan. (Feb 2018).
Key players in each technology category are shown below.

55

Frost & Sullivan. “Global Energy Storage Market Outlook, 2018” (February 2018). https://store.frost.com/global energy-storage-market-outlook-2018.html [subscription required]
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Source: Frost & Sullivan. (Feb 2018).

Source: Frost & Sullivan. (Feb 2018).
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Source: Frost & Sullivan. (Feb 2018).
Below are conclusions from an extensive review of secondary literature:


Pumped hydro storage systems: This research was unable to identify pumped hydro
storage systems that have been implemented on a smaller scale specifically on the
level of a single home or cluster of homes anywhere in the world. The promising one
appears to be the Shell Energy North America project, which is targeting a 5 MW
closed-loop plan. Other storage technologies include:



Compressed air energy storage: research was unable to identify small scale
compressed air applications for energy storage that are commercially available.



Flywheel energy storage systems use electric energy input and store it in the form of
kinetic energy. Flywheels are currently in use in the U.S. in industrial applications.

5.2 Companies developing MHK storage
Companies developing MHK storage include:
(i) Shell Energy North America
(ii) New Energy Corporation, Inc
53
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(iii) Columbia Power Technologies, LLC
(iv) Ocean Power Technologies, Inc.
(v) Ocean Renewable Power Company
5.3 Shell Energy North America
In 2017, Energy Department selected six organizations to receive up to $9.8 million in funding
to develop innovative technologies that will reduce capital costs and deployment timelines for
pumped-storage hydropower and non-powered dams.
Shell Energy North America was funded by DOE to investigate the feasibility of building a 5 MW
closed-loop—projects typically consisting of two reservoirs that are not connected to naturallyflowing sources of water—pumped-storage system. Specifically, the project will consist of a
water storage tank, a pipeline/penstock, and a floating barge on the water. A submerged
membrane will act as a storage reservoir. The technology is a reliable, safe, and low-cost option
to increase closed-loop PSH development. 56
In April 2016, Wenatchee World reported that Shell was planning a pumped-storage system:57
Shell Energy officials are in Bridgeport pitching a project to generate power from the
Columbia River, without building a dam. The proposed Hydro Battery Pearl Hill Project
would pump water from the river to a reservoir 1,300 vertical feet above the Columbia
when demand for electricity is low. It would then generate electricity when water flows
back down to the river during peak hours. The company expects to complete the up-anddown cycle about twice a day. The project would generate about five megawatts of
renewable energy every day from a facility constructed about eight miles northeast of
Bridgeport, drawing water from Rufus Woods Lake above Chief Joseph Dam.
The preliminary proposal includes an above-ground reservoir built on state Department of
Natural Resources land, a lower reservoir made of a framed floating membrane in Rufus
Woods Lake, and a pipeline to transfer water between the reservoirs. There would also be a
barge on the lake where generation, pumping and substation equipment would be
positioned, and a transmission line to feed power to nearby Douglas County PUD
distribution lines. A road to the upper reservoir would also be built.
The company received a preliminary permit from the Federal Energy Regulatory
Commission, a step prior to submitting an application. It is also floating the idea to others
56

DOE, https://www.energy.gov/eer e/water/articles/energy-department-awards-98-million-next-generationhydropower-technologies
57
Shell Oil proposes hydro project near Bridgeport. August 23rd, 2016. https://fwee.org/shell-oil-proposes-hydroproject-near-bridgeport/
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who may have input, like local governments, the Confederated Tribes of the Colville
Reservation, and the state Department of Fish and Wildlife.
Hydro Battery Pearl Hill Project is shown below. This is a small, 5-megawatt closed-loop
pumped storage facility that would be located on Department of Natural Resources land along
the north slope of the lake, about eight miles above the dam. Shell Energy calculated the
project would produce nearly 11 gigawatt hours annually over its estimated 30-year life span. A
gigawatt is equal to 1,000 megawatts or one billion watts. 58 More details on the project: 59
The proposed facility would include a corrugated steel upper storage tank measuring 40feet high with a 215-foot diameter capable of holding 29 acre-feet of water. The lower
storage pool comprised of three lower containment vessels, each measuring 400-by-100by-40 feet and submerged in the lake, would be constructed of a polyuria membrane held
in place by a plastic frame with a total capacity of 29-acre-feet as well. The storage tanks
would be connected by a pair of 6,025-foot-long, 3-foot-diameter steel and high-density
polyethylene penstock. The pipes would carry pumped water from the lower reservoir to
the upper storage unit and the released water back down to the generators. Two turbinemotor Pelton generators, each capable of producing 2.5 megawatts of power, would be
installed on a floating barge along with as many as eight water pumps. An overhead 2,500foot-long, 24.9-kilovolt transmission line would transfer power to the Douglas County grid.

58

https://www.thefreelibrary.com/Shell+Energy+proposes+new+power+project%3 A+pilot+hydro+energy+program..
.-a0463513373
59

https://www.thefreelibrary.com/Shell+Energy+proposes+new+power+project%3 A+pilot+hydro+energy+program..
.-a0463513373

55

Renewable Energy Design Concepts Llc. 389 Collins Rd. Toledo, WA 98591 www.redcenergy.com

(360) 219-8934

Source: https://nwhanew.memberclicks.net/assets/AnnualConference/2018/Shell.pdf
In February 2018, JT Steenkamp P. Eng. (Shell Energy North America) presented a “Hydro
Battery Concept Update.” 60 The following slides from this presentation provide information on
the progress Shell has made.

60

Download presentation from https://nwhanew.memberclicks.net/assets/AnnualConference/2018/Shell.pdf
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Source: Shell, (2018).
https://nwhanew.memberclicks.net/assets/AnnualConference/2018/Shell.pdf
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Source: Shell, (2018).
https://nwhanew.memberclicks.net/assets/AnnualConference/2018/Shell.pdf
5.4 New Energy Solutions, Inc
“New Energy Corporation, Inc. is a Calgary-based and internationally-recognized renewable
energy company dedicated to providing sustainable energy solutions based on its hydrokinetic
turbines and related technology. The company has installed hydrokinetic systems in remote
locations domestically and internationally, most recently in Nepal and Myanmar (Burma) to
power a community and a school.”61 The company was founded in 2003 and is based in Calgary,
Canada.62
New Energy has developed a line of hydrokinetic power generation systems. “Branded as the
EnviroGen line of power generation systems, they incorporate a gearless oil free design (dire ct
drive) with a patented ‘diamond’ bearing suitable for submerged operation, and other drive
train features that simplify the design and make assembly and installation a breeze. Without a
gearbox, the drivetrain operates almost silently as it spins in the passing water. Power
conditioning has also been simplified since batteries are not required for this continuously
generating source of power. A range of power conditioning options is available depending on
the specific customer needs”63 The technology is described below:64
61

http://www.marketwired.com/pr ess-release/-2125625.htm
https://www.bloomberg.com/r esearch//stocks/private/snapshot.asp?privcapId=422586476
63
https://www.newenergycorp.ca/history.html
62
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In-stream (hydrokinetic) power generation is an emerging renewable energy sector,
converting the energy within rivers, canals, and tidal currents into electricity. New Energy's
power generation systems do not require dams or diversions, have minimal impact on the
environment, and are easily deployed and removed. Power production from this continuous
or predictable source of energy can be used as a base load energy source for remote
communities, to supplement existing micro-grids, or as added capacity to a main grid.
According to the company: 65
In 2008, the EnCurrent line of 5 to 25 kW systems was launched with the first commercial
demonstration of a 5 kW system in Alaska on the Yukon River. This was followed by 25 kW
systems in 2009 and low flow 25 kW systems in 2010/11. These systems were installed in
uncontrolled rivers, a flow control channel, and a hydro supply canal. Each type of
installation provided a wealth of information regarding real world operating conditions and
issues to which the equipment must respond (floods, debris, ice, manmade surges, operator
impact, variable flowrates). This field experience has put New Energy in a class of its own in
terms of domain knowledge and experience with hydrokinetic power generation.
Products:
 The EnCurrent 125 Series is the “largest series of power generation systems with an
output capacity of 125 – 250 kW depending on specific site characteristics. Larger
systems such as these are typically configured for grid connection, but can also be used
standalone in larger remote communities or installations located near a river or canal
that can support the depth and volume of water required to ensure full submersion of
the rotor. The vertical shaft configuration means that a conventional gearbox and high
speed generator are used for mechanical to electrical energy conversion.” 66


EnviroGen 025 Series: “mid-sized line of power generation systems with output
capacities from 20 – 50 kW depending on application specific conditions. The 25 kW
systems are suitable for communities and other installations with medium energy
requirements, located near a river or canal that can support the depth and volume of
water required for the rotor.”67



EVG 005 Series turbine power units are “designed to be easy to transport, assemble,
and deploy, without the need for cranes or other heavy equipment, making them ideal
for remote locations or where equipment access is difficult. These system are especially

64

http://www.marketwired.com/pr ess -release/-2125625.htm
https://www.newenergycorp.ca/history.html
66
https://www.newenergycorp.ca/encurrent-125-series.html
67
https://www.newenergycorp.ca/envirogen-025-series.html
65
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suited for residences, farms, remote installations, and small communities where the
requirement for electricity is modest or the resource available is limited in size.”68

Source: https://www.newenergycorp.ca/envirogen-025-series.html
Some installations include:

68
69



In 2018, New Energy Corporation reported it won a contract to demonstrate a 5kW
system in the outflow stream of a large salt water cooling system, with the intent of
installing an array of 19+ additional systems upon the successful conclusion of the pilot
project. “Majis envisions the potential for similar hydrokinetic arrays throughout their
various water projects, with a potential partnership on further development of systems
throughout the Oman.” 69



In May 2016, New Energy Corporation was awarded a contract from the Build in Canada
Innovation Program (BCIP) to provide a power generation system to the Sagkeeng First
Nation community in Manitoba. According to a company press release, the “Sagkeeng
First Nation community will be the first community in Canada to receive the company's
new 25kW EnviroGen™ hydrokinetic power generation system. This project is an
excellent demonstration of community capacity building with Canadian clean tech using
renewable resources. New Energy's hydrokinetic turbine will be installed in the

https://www.newenergycorp.ca/envirogen-005-series.html
https://www.newenergycorp.ca/2018.html
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Winnipeg River that runs alongside the Sagkeeng First Nation community.”70 In a press
statement, Clayton Bear, the CEO of New Energy noted the project is about $400,000,
including the equipment, site preparation and training. 71
5.5 Columbia Power Technologies, LLC
Columbia Power Technologies, LLC is an independent company founded in by Greenlight Energy
Resources, Inc. In partnership with Oregon State University, the company is engaged in the
development and commercialization of wave energy harvesting devices using novel, offshore,
direct-drive permanent-magnet generator topologies. The company was founded in 2005 and
is based in Charlottesville, Virginia with a research facility in Corvallis, Oregon. 72
Products, applications and power ranges include:73




DataRAY for marine sensor and sensor arrays (<1kW)
EagleRAY for unmanned underwater vehicles (1-5kW)
StingRAY for utility-scale needs (>500kW)

For lower power applications, the DataRAY and EagleRAY offer autonomous operation and a
persistent presence. Both systems offer substantial reduction in the total cost of ownership
by avoiding expensive and time-consuming labor and vessel time for
recovery/recharge/redeploy cycles. Both products can carry their own payload, provide
communications and data storage functions, and be moored or free-floating.
In February 2016, DNV GL awarded Columbia Power Technologies innovative StingRAY waveenergy converter with a Statement of Feasibility. According to a 2016 press release,74
Columbia Power Technol ogies have been following the DNV GL certification process
outlined in the wave and tidal device certification specification ‘DNV-OSS-312.’ Issuing a
Statement of Feasibility to Columbia Power Technologies successfully completes the first
stage of the process, and DNV GL will now continue to support them through the next
stages toward Prototype Certification.

70

http://www.marketwired.com/pr ess -release/-2125625.htm
https://www.winnipegfreepress.com/business/tapping-into-river-power-380349131.html
72
https://www.bloomberg.com/r esearch/stocks/private/snapshot.asp?privcapId=118905195
73
https://columbiapwr.com/applications/
74
DNV GL issues Statement of Feasibility for StingRAY wave-energy device. Michelle Froese. February 29, 2016,
https://www.windpowerengineering.com/business -news-projects/dnv-gl-issues-statement-of-feasibility-forstingray-wave-energy-device/
71
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Achieving the Statement of Feasibility required Columbia Power Technologies and DNV GL
to complete a full technology risk assessment and agree actions to mitigate potential
risks. This ensured a fully transparent approach to risk, giving stakeholders, such as the U.S.
Navy, U.S. DOE, and potential customers a clear outlook of the devices’ progress.
In 2017, it was reported that The National Wind Technology Center (NWTC) at the Energy
Department's National Renewable Energy Laboratory (NREL) begun validation work on
StingRAY wave energy converter in the NREL dynamometer facility . The NREL press release
stated that, “Mechanical testing of the StingRAY generator, which is as tall as a two-story
building and the largest generator ever tested in an NWTC dynamometer, is now under way.
Over the next few months, the unit will be connected to the NWTC's Controllable Grid Interface
for electrical performance characterization.”75
In 2011, Columbia Power announced it had deployed the SeaRay prototype in Puget Sound.
These sea trials represent a key milestone in moving from the pre-commercial stage toward
commercial viability. According to a company press release, “SeaRay, represents the first wave
power technology of its kind and is capable of extracting up to twice the amount of energy
from ocean waves compared with other technologies under development .”76 The company’s
StingRAY wave energy converter, which was funded by the U.S. Navy through the Naval
Facilities and Engineering Command was slated for demonstration in 2014. The system was
designed for deployment in depths of more than 60 meters, typically located at least a mile or
more offshore. 77

75

https://www.nrel.gov/news/press/2017/national -wind-technology-center-begin-first-validation-wave-energyconversion-device.html
76
“Columbia Power Technologies Secures Governmental and Private Funding, Deploys Wave Power Device in
Puget Sound,” Business Wire, March 8, 2011:
http://www.businesswire.com/news/home/20110308006644/en/Columbia -Power-Technologies-SecuresGovernmental-Private-Funding
77
“Columbia Power Technologies Secures Governmental and Private Funding, Deploys Wave Power Device in
Puget Sound,” Business Wire, March 8, 2011:
http://www.businesswire.com/news/home/20110308006644/en/Columbia -Power-Technologies-SecuresGovernmental-Private-Funding
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Source: Columbia Power Technologies78
In January 2019, the company was selected for a DOE award for the development of a novel,
remote, low-power wave energy converter for non-grid applications. The following
information regarding the project was provided by Columbia Power in a press release:
This $3 million project seeks to design, deliver, and test a prototype low-power WEC that
lowers the total cost of ownership and provides robust, new capabilities for customers in
the maritime environment. The project prototype, the dataRAY, will be designed with the
ability to be rapidly deployed and at a cost point to allow for multiple units to be
positioned throughout an area to support required operations. This novel, early-stage
WEC system is intended to be a mobile and quickly deployable power system for maritime
sensors, monitoring equipment, communications, and other similar payloads and is
expected to be a predecessor system for larger-scale, more-powerful WECs for a variety of
applications, including AUV recharging. These applications are in both shallow- and deepwater locations that lack desirable, resident and/or sufficient power sources . At the highest
level, the final system design will demonstrate high techno -economic potential for the
marketplace, appropriately balancing survivability, cost, and ease of handling/servicing
with a clear path for future open-water testing at larger scale and in deeper water.79
In May 2018, the Japan Patent Office issued Patent No. 6297576, entitled “Method and
system for wave energy conversion.” According to the company, this is the “20th issued patent
within the three patent families that cover Columbia’s innovative wave energy and direct-drive

78

Stingray,” Columbia Power Technologies, http://columbiapwr.com/ray-series/
https://columbiapwr.com/c%C2%B7power-receives-3-million-in-funding-from-doe-to-deploy-a-low-powerwave-energy-converter/
79
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generator technologies. An additional four patents within the current applications and two new
provisional applications are expected this year.”80
5.6 Ocean Power Technologies, Inc.
Ocean Power Technologies, Inc. is engaged in developing and commercializing systems that
generate electricity by harnessing the renewable energy of ocean waves. Ocean Power
Technologies was incorporated in New Jersey in 1984, began business operations in 1994, and
re-incorporated in Delaware in 2007.

Source: Ocean Power Technologies (January 2019). 81
Ocean Power Technologies offers two types of products as part of the line of PowerBuoy
systems, including a utility PowerBuoy system and an autonomous PowerBuoy system. The
utility PowerBuoy system is capable of supplying electricity to a local or regional electric power
grid. The autonomous PowerBuoy system is designed to generate power for use independent
of the power grid in remote locations.
PowerBuoy is designed to supply electricity to a regional or local electric power grid.
PowerBuoy system comprises a floating buoy-like device, an electrical generator, a power
take off device, a power electronics system and a control system.

80
81

https://columbiapwr.com/cpower-receives-its-20th-patent/
https://oceanpowertechnologies.gcs-web.com/static-files/9140a38e-67dc-4b48-9388-5913136de976
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These systems are marketed to utilities and other electrical power producers those intend
to supplement their existing electricity supply with the electricity generated by wave
energy. The system is designed to transmit electricity to shore by an underwater power
cable, which would then be connected to a power grid. The device is designed to operate in
water with a depth of 100 to 200 feet. Ocean Power has entered into various development
agreements with different customers, deploying its utility systems.
Autonomous PowerBuoy system is designed to generate power for use independent of the
power grid in remote locations. The system is designed to generate power for use
independent of the power grid, to customers that require electricity in remote locations.
It has a wide range of potential applications including sonar and radar surveillance, tsunami
warning, oceanographic data collection, offshore aquaculture and offshore platforms. 82

Source: Ocean Power Technologies (January 2019). 83

82

Ocean Power technologies, Inc. 2015 10-K Annual Report Year Ended April 30, 2015.
https://www.last10k.com/sec-filings/optt
83
https://oceanpowertechnologies.gcs -web.com/static-files/9140a38e-67dc-4b48-9388-5913136de976
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The PB3 PowerBuoy uses ocean waves to provide clean electric power and real-time data
communications for remote offshore applications in markets such as oil and gas, defense and
security, science and research, and communications.84
The January 2019 “Investor Presentation” by company management presented information on
the company and potential markets. The following briefs are from this presentation.
Markets include the following:

Source: Ocean Power Technologies (January 2019). 85
Products under development are shown below.

84
85

https://www.oceanpowertechnologies.com/powerbuoy
https://oceanpowertechnologies.gcs -web.com/static-files/9140a38e-67dc-4b48-9388-5913136de976

66

Renewable Energy Design Concepts Llc. 389 Collins Rd. Toledo, WA 98591 www.redcenergy.com

(360) 219-8934

Source: Ocean Power Technologies (January 2019). 86
5.6.1 Recent Contracts
5.6.1.1 Ocean Power Technologies and Saab Seaeye Announce a Joint Development and
Marketing Agreement
In January 2019, Ocean Power Technologies and Saab Seaeye Ltd, the world’s largest
manufacturer of electric underwater robotic systems entered into a non-exclusive agreement
to pursue mutual opportunities through joint system solution development and marketing. The
agreement anticipates a preliminary focus on autonomous underwater vehicle (AUV) and
remotely operated underwater vehicle (ROV) charging and communications systems. 87
The company believes there is a large market for UUVs/AUS: 88

86

https://oceanpowertechnologies.gcs -web.com/static-files/9140a38e-67dc-4b48-9388-5913136de976
https://oceanpowertechnologies.gcs -web.com/news-releases/news-release-details/ocean-power-technologiesand-saab-seaeye-announce-joint
88
https://oceanpowertechnologies.gcs -web.com/news-releases/news-release-details/ocean-power-technologiesand-saab-seaeye-announce-joint
87
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OPT’s PowerBuoy® system will also meet two key customer needs: providing a costeffective power and communications solution with the ability to increase the customers
operating range away from land or existing platforms, while acting as an unmanned
platform which improves and maintains the highest levels of safety and reliability.
According to a Markets and Research report, the AUV/UUV market generated $2.6 billion in
2016. This partnership with Saab further demonstrates the market’s demand for our
combined solution within a massive and growing marketplace.
5.6.1.2 Ocean Power Technologies has signed an agreement with Enel Green
In August 2018, Ocean Power Technologies (OPT) has signed an agreement with Enel Green
Power to evaluate the deployment methods of its wave-powered PB3 buoy along the coast of
Chile. According to Ocean Power Technologies press release,89
Under the terms of the contract, OPT will conduct a detailed feasibility study of the
PowerBuoy as an offshore autonomous platform hosting oceanographic sensor systems off
Chile. The feasibility study will assess best transport, deployment and servicing methods
using local companies and suppliers, as well as necessary sensors and payloads to be
mounted on the PB3 PowerBuoy.
Enel Green Power is a world leader in delivering renewable energy, and this opportunity
potentially allows for the PB3 PowerBuoy to be Chile’s first autonomous wave power
installation, where new jobs and other economic benefits could eventually be brought to
local economies.
5.6.1.3 Ocean Power Technologies' PowerBuoy™ Successfully Deployed in the Adriatic Sea by Eni
In December 2018, Ocean Power Technologies announced the Company's PowerBuoy™ has
successfully been deployed in the Adriatic Sea to advance Eni’s R&D MaREnergy project ,
aiming to develop, deploy and demonstrate suitability of wave energy renewable technologies
in Oil & Gas operations. According to Ocean Power Technologies press release, “The OPT
PowerBuoy™ will be used in the Adriatic Sea to advance Eni’s research and development of
proprietary integrated subsea technology systems to allow future applications for remotely
controlled field developments powered by wave energy, environmental monitoring and
offshore asset inspection using autonomous underwater vehicles (AUVs). The PowerBuoy™ will
be used to demonstrate subsea battery charging, which eventually may be used to provide a
standalone charging station and communications platform that would enable the long -term
remote operation of AUVs.”90

89

https://marineenergy.biz/2018/08/15/enel -primes-opts-powerbuoy-for-chilean-waves/
https://oceanpowertechnologies.gcs -web.com/news-releases/news-release-details/ocean-power-technologiespowerbuoytm-successfully-deployed
90
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5.6.1.4 Ocean Power Technologies Signs Agreement With Premier Oil
In January 2018, Ocean Power Technologies, Inc. signed an agreement with Premier Oil an
international oil and gas company, “to study the feasibility of using the PB3 PowerBuoy® for
decommissioning operations in the North Sea. The contract outlines work that will determine
the viability of using the PB3 for monitoring and guarding remaining wells and subsea
equipment after removal of a floating production, storage and offloading vessel and prior to
subsea decommissioning and/or well plugging & abandonment operations.” 91
According to Ocean Power Technologies press release,92
The deployment is planned for the Huntington Field under a nine-month lease, which
includes an initial three-month trial, followed by a six-month extension upon successful
completion of the initial trial, the US-based wave energy developer OPT informed. The
project is expected to start in June 2018, while the deployment is anticipated in October of
2018, which also said the contract includes an option to extend the initial nine-month lease.
The OPT PowerBuoy will serve as a self-sustaining intelligent platform to provide
communications and remote monitoring services at its North Sea site. During the
deployment, Premier Oil will explore the PowerBuoy capabilities and its ability to monitor
the local environment and alert shipping of its position.
5.6.1.5 Kozu-Island, Japan
In June 2017, the company announced its PB3 commercial PowerBuoy®, “which is deployed off
Kozu-Island, Japan as part of a previously announced lease, is meeting all of its performance
requirements. Closer to home, the commercial PB3 Power Take-Off (“PTO”) accelerated life
testing, which is conducted at the Company’s headquarters in New Jersey, reached over 67
million strokes that simulates over 4 years of ocean operation.” 93 In the same press release, Dr.
Mike M. Mekhiche, OPT's Executive Vice President of Engineering and Operations, stated that, "
the company believes “the current performance of the PB3 off the coast of Japan is a strong
affirmation of the maturity of the PowerBuoy® and its ability to play an important role in the
on-going digitization effort of the ocean, the oil and gas industry and other markets of
interest. Since April 17th, the PB3 PowerBuoy has generated a total of over 471 kWh of
electric power. It has achieved a single day peak production of over 24 kWh .” 94
91

https://oceanpowertechnologies.gcs -web.com/news-releases/news-release-details/ocean-power-technologiessigns-agreement-pr emier-oil
92
https://oceanpowertechnologies.gcs -web.com/news-releases/news-release-details/ocean-power-technologiessigns-agreement-pr emier-oil
93
https://oceanpowertechnologies.gcs -web.com/news-releases/news-release-details/ocean-power-technologiesannounces-pb3-commercial-powerbuoyr
94
https://oceanpowertechnologies.gcs -web.com/news-releases/news-release-details/ocean-power-technologiesannounces-pb3-commercial-powerbuoyr
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5.6.2 Other
In October 2015, Ocean Power Technologies announced that it had redeployed the APB350
PowerBuoy off the coast of New Jersey and resumed sea trials. According to the company,
“three key focal points of the A1 sea trial have demonstrated considerable progress toward
commercial readiness: the linear seal, which prevents water from entering the buoy; the Power
Take Off ( PTO) design, which has showed minimal wear during the initial deployment; and the
survivability of the PowerBuoy system during high sea states.” 95
In June 2015, Ocean Power Technologies announced that the PB40 had received a final permit
approval from the New York District Army Corps of Engineers. Additionally, after receiving
permit approval, the company also provided the required notice to the U.S. Coast Guard and
other parties involved in the permitting process. Plans were for the PB40 PowerBuoy to be
deployed approximately 30 nautical miles southeast of the New York City Harbor. Buoy
operation is planned at this location, including the gathering of operating performance and
wave data for up to one year, in accordance with the U.S. Bureau of Ocean Energy
Management requirements.96

95

“OPT Announces Redeployment of APB350 (A1) PowerBuoy and Selected Performance Data Gathered During
Initial Deployment,” Ocean Power Technologies, October 31, 2015: http://phx .corporateir.net/phoenix.zhtml?c=155437&p=irol -newsArticle&ID=2104636
96
“Ocean Power Technologies' Pb40 Powerbuoy Receives Final Permit Approvals For Deployment,” News Bites US
- NASDAQ [Melbourne] June 17, 2015
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Source: Ocean Power, Inc.

97

5.7 Ocean Renewable Power Company
Ocean Renewable Power Company, LLC generates electricity from tidal energy . The company
develops technologies and projects that use river and ocean energy to produce electricity to
power homes and businesses primarily in North America. The company was founded in 2004
and is based in Portland, Maine. Ocean Renewable Power Company, LLC (ORPC) operates as a
subsidiary of ORPC Holdings, LLC.
The company installs turbine generator units in groups to form complete power systems that
convert river and ocean energy into grid-compatible power 98 and offers several systems:




RivGen power system, which generates electricity at small river sites particularly in
remote communities with no centralized power grid
TidGen Power System for shallow tidal current applications
OCGen power system for deeper tidal and ocean current applications.

97

“APB350,” Ocean Power, Inc. http://www.oceanpower technologies.com/apb-350/
“Company Overview of Oc ean Renewable Power Company, LLC,” Bloomberg,
http://www.bloomberg.com/research/stocks/private/snapshot.asp?privcapid=99867017
98
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Source: Ocean Renewable Power Co. 99

99

Ocean Renewable Power Co., http://www.orpc.co/orpcpowersystem_tidgenpowersystem.aspx
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Source: http://www.orpc.co/our-solutions/underwater-mobile-power-systems

RivGen is shown below.
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Source: ORPC, http://www.orpc.co/our-solutions/scalable-grid-integrated-systems/rivgenpower-system
Some deployments include:


100

In 2014, Ocean Renewable Power installed and operated the first RivGen® Power
System in the Kvichak River at Igiugig, sending power to shore. ORPC returned to Igiugig
in 2015 with an improved RivGen® System to demonstrate its latest technology
advancements and, in the process.100

Company website, http://www.orpc.co/content.aspx?p=Yojopy2b9VQ%3d
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In Maine, Ocean Renewable Power “sent electricity to the Emera Maine utility grid from
the first phase of its Maine Tidal Energy Project, the first commercial, grid-connected
tidal power project in the country, and the first ocean energy project in all of the
Americas to deliver power to a public grid.” Ocean Renewable Power is looking to
expand “the Maine Tidal Energy Project to up to 5 megawatts per the terms of our 20year power purchase agreement approved by the Maine PUC, the first long term
contract for the sale of hydrokinetic power and a historic milestone in the industry .
The Maine Tidal Energy Project will eventually generate enough electricity to power
every home and business in down east Maine with clean tidal energy.”101

December 2015, the U.S. Department of Energy awarded Ocean Renewable Power Co. a $2.25
million grant for testing the deployment, anchor and retrieval system of Ocean Renewable
Power’s tidal and river units at the marine hydrokinetics project site in Cobscook Bay, Maine.
Funding is through DOE’s Advanced Research Projects Agency-Energy.102
In January 2019, it was reported that DOE awarded the Igiugig Village Council $2.3 million for
the continued development as the test site for the RivGen Power System a hydrokinetic system
designed for rivers and shallow tidal waters in remote communities. A press release noted
that: 103
The RivGen turbine is a hydrokinetic system designed for rivers and shallow tidal waters
in remote communities. ORPC first tested versions of the system in Igiugig in 2014 and
2015. The project stalled briefly during a gap in the funding. With the recent monetary
support from the Department of Energy, ORPC has developed a new RivGen model.
The DOE-funded portion of the project concludes in the summer of 2020. Depending on the
results, ORPC and Igiugig could discuss the possibility of the village continuing to use the
RivGen.
A company statement to press noted that, “More than $4 million state and federal dollars have
gone into developing this RivGen system. … The design phase is full of onetime costs, such as
building molds. He is optimistic that the RivGen system could be a cost-effective and
environmentally sustainable alternative for rural communities world wide.” 104

101

Company website, http://www.orpc.co/content.aspx?p=h3jCHHn6gcg%3d
“ORPC receives US$2.5 million grant for MHK development through ARPA-E,” Gregory B. Poindexter,
12/21/2015: http://www.hydroworld.com/articles/2015/12/orpc-receives-us-2-5-million-grant-for-mhkdevelopment-through-arpa-e.html
103
https://www.kdlg.org/post/igiugig-will-test-rivgen-hydropower-through-winter #stream/0
104
https://www.kdlg.org/post/igiugig-will-test-rivgen-hydropower-through-winter #stream/0
102
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In October 2018, DNV issued ORPC a statement of feasibility for US marine energy developer
ORPC's second generation TidGen tidal power system. The statement is the first step in a
process of verification for TidGen to meeting international acceptance standards. According to
an ORPC statement, the company “will build and install the first production unit of the new
TidGen system in Cobscook Bay, Maine, in late 2020.” 105 In addition, “achieving the statement
of feasibility under DNVGL-SE-0163 is an important milestone that allows ORPC to identify the
necessary steps to demonstrably control the risks to success and further develop the
technology.” 106

105
106

https://renews.biz/48739/dnv-gl-grants-orpc-seal-of-approval/
https://renews.biz/48739/dnv-gl-grants-orpc-seal-of-approval/
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