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1.0. Introduction

The following table includes a brief summary of the technology being propog&enevable Energy Design Concepts (REDQ)
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 | submission.

The initial development o RED@ microgrids and energy resilience for remote rural communities using marine hydrokinetics
respond to DOE desirebord Y NAYS NBySgl o6fS SySNHe 6aw90 GSOKy2f23ASa GKIFG
microgrid systems (100KAMMMW) that provide power to remote communitiethrough Utilization of Marine Hydrokinetics and

Pumped Storage Hydropow®r

Market Brief Summary
el 21 Marine hydrokinetics for microgrids and energy resiliertbeough

utilization of marine hydrokinets and pumped storage hydropower
Product REDC specializes in small and micro hydropower with a foct
blcledaiient analyzing current systems and their adaptability to gener
environmentally friendly energy. REDC is now interested in develc
an inlne flow hydrokinetic solution that is cost competitive

traditional hydro power.The technology is a hydrokinetic ener
generator that they will use to power pumped hydrokinetic ene
storage. Specifically, it will pump water uphill to be stored u
needed, at which time it will be released downhill where it will turi
generator to generate electricity

'DoE Solicitatiomttps://science.energy.gov/~/media/sbir/pdf/Technical Topics/FY2019_Phase | _Release 2_Topics.pdf
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The (draft) DOE reportS y (i A (iPbténRaE Madtime Markets fo
“eleli=sssel Marine and Hydrokinetic Technologiggpril 2019 identifies the reed
for microgrids for isolated communitie$:

There arehundreds of isolated communities in the United State
primarily in Alaska and island territories, that have microgr
power systems from 200 kW to 5 MW. All are curreni
dependent on diesel genetars some or all of their power The
energy cost is high, sometimes more than $1/kwWh, and the c
varies with the everfluctuating price of oil. Transporting diesel
difficult, expensive, and, in many cases, requires extens
storage capacity Any comrarcial endeavor faces investment ri
because of the uncertainty of future ofrices and the resultin
unpredictable energy costs for remote locations. The DOD
dozens of permanenbases that operate in these same regic
with similar electricity suppl conditions and significant pressur
to & Xdramatically change energy consumption at an installatiol
joint base, implement renewable energy technologies, anc
generate and store energy to improve supply resilience for cri
f 2 I REh&XBOD also Banumerous forwarebperating bases tha
are often more remote from fuel sources and operate with hig
cost profiles.

A In addition, this solicitationtopic requests applications t
prove the concept of microgrids and energy resilience

4t 2GSy dGALt al NKGAYS al Nl Sda T2NJ alNAYS YR I 8RNR{AYSGAO ¢8OKy2t23AS8a¢ OAy
DOE, 2018&ttps://www.energy.gov/eer e/articles/innovatvenarketsmarineenergy
5
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remote rural conmunities using marine hydrokinetic
Specifically, what is desired is marine hydrokinetic (M
technologies that can operate as a base load power suppl
small microgrid systems (100KWAW) without the use of
diesel.

DOEseeksd Y I NA y'S NIB gyfeéhhoinies that yad dpkrate ¢
a base load power supply for small microgrid systems (10QKAXX)
GKFG LINRPGARS LI2sSNI*G2 NBY2GS (
@Ol Isolated U.S. communities with a load less than 5 MW have a coml
market of more than 70 MW, whic is $350 million in MHK
technologies installed cost (assuming $5 per Watt installed). The
market includes approximately 175 to 300 small communities
Alaska, the two smaller Hawaiian islands of Lanai arddoB®kai, a
couple of dozen islands mosthff the Maine coast, four inhabite
islands in the Northern Marianslands, and some islands in Americ
Samoa Other major island territories, such as Guahgve largel
utilities and are lassifiedunder the Isolated Power Systems Utili
Scale?

Market definition: Marine hydrokinetics (MHKlechnologies

The draft DOE repoX Pofential Maritime Markets for Marine an
Hydrokinetic Technologiés¢identifies MHK potential markets
https://www.energy.gov/eere/articles/innovativemarketsmarine-

®DOE Solicitatiomttps://science.energy.gov/~/media/shir/pdf/Technical Topics/FY2019_Phase | Release 2_Topics.pdf
et 2GSy GALE al NRGAYS al NJSda T2NJ alNAyS FyR I 8RNRIAYSGAO ¢SOKy2t23AS8a¢ 0Ay
DOE, 2018&ttps://www.energy.gov/eer e/articles/innovatvenarketsmarineenergy
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energy

Examplesf applications

Potential market are ARSYGAFASR Ay (K
| @RNRP1AYSGAO 5A&GUGNROdzISR |y
https://www.energy.gov/eere/water/downloads/marine nergy
technologiesforum-distributed-and-alternate-applicationsforum

AUy

Market segment Utility Isolated power systems- This market is
defined as isolated or islanded utility markets with greater than 5 |
of load and high costs

Market segment Off grid Isolated power systems This market is
defined as isolated or islanded ity markets withlessthan 5 MW of
load and high costs

A number of studies have been conducted by DOE to indicate t
regions that appear to have sufficient MHK for this to be viable

1 The Electric Power Research Institute has identified a i
recovaable wave energy resource for Puerto Rico of 20,
GWhlyear. Which means, the wave energy resource on Pt
Rico is capable of satisfying the energy needs for the is
during the next twenty years.

1 According to a report from Georgia Tech, theoreticzdource
potential for generation from ocean currents resources
estimated to be 200 TWhlyear.
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Microgrid market size estimates:

Market consulting firm, Markets and Markets estimates thkbal
market for remote/island microgrid segment was $11.10dzil in 2017
and is expected to reach $24.08 billion by 2023, at a higher CA(
13.16% between 2018 and 2023. Markets & Markets further segr
the remote/island/oftgrid microgrids into®

Q) Hardware
(i) Software
(i)  Services

The market for hardware was valued $6.22 billion in 2017 and i
expected to reach $12.69 billion by 2023, at a CAGR of 12
between 2018 and 2023. The market for software was valued at §
billion in 2017 and is expected to reach $7.10 billion by 2023, a
highest CAGR of 15.74%tlveen 2018 and 2023.
@oleciieissl Current methods to store energy from ocean energy genera
include:
A Solar panelg; not effective in many locations. Very expens
to monitor and maintain
A Liion batteries and other battery typesshort life, safetynot
viable in maritime environment, expensive to check ¢
replace.
A Diesel generators

al NJ Sda 9 al NJSGadt gaanh ONEANB @ &6 MfsB dwwimaketsandmatkéts com/Markeeports/microgrid-electronics
market917.html[subscripton required]
8
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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 Renewdé Power Company

= == = =) =

The following sections are provided to as$EDGn the development of the notechnical sections of the Phase | proposal.

2.0. Need, Customers and End Users

This section provides information on tileed and thepotential cusomers, who also present the potential market.

2.1 Need Addressed

Thissultopic requests applications to prove the concept of microgrids and energy resilience for remote rural communities using
marine hydrokinetics. Specificaltiesired is marine hydrokinetigVIHK) technologies thatan operate as a base load power supply

for small microgrid systems (100KMMW) without the use of diesehre desired! & LISNJ G0KS a2t AOAGlF GA2y X
renewable energy (MRE) technologies that can operate as a baspdoad supply for small microgrid systems (100KMW) that

LINE GARS LR GSNI G2 NBY20S O2YYdzyRiASaodé ¢KS G2LIAO OFfta FT2NJ YA

® DOE Solicitati omhttps://scienceenergy.gov/~/media/sbir/pdf/Technical Topics/FY2019_Phase | Release_2_Topics.pdf
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1 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.

1 Communities that are dependent on diesel fuel for power.

1 Exposure to extreme weather events compared with other renewable sources.

In addition, eds are identified in the still in draft form DOE reportSy (i A (Pbté&h#al Maitime Markets for Marine and
Hydrokinetic Technologi@¢April 2018. According to this repor:

[Ocean powerNB & 2 dzZNDSa LINBaSyd | aINBF G 2 LILJadNbedngddih and degth di &dvitieS @2t OA Y
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 endeavorsenabling the evolution of others. The U.S.
Department of Enggy (DOE) Water Power Technologies Office (WPTQO) supports marine energy research and development for
the supply of bulk power and servicestke U.S. electric grid. Howeveanarine renewable energy could have intrinsic strengths

in supplying powerto smir-d O € S | LILX AOF GA2ya 2NJ YINYSGaAa GKIFIG 2GKSNJI LJ26SN.
for nearterm opportunities in which marine renewable energy could add value to applications and markets other than large

scale grid power production andldress common challenges with largsrale development.

Tat 20SYyGALt alF NARGAYS al NJSGa F2N) alkNAXyS YR I @RNRIAYSGAO ¢SOKy2ft 23ASaé O0AYy
DOE, 201&ttps://www.energy .gov/eere/articlesfinnovati venarketsmarineenergy
10
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2.2 Customers and End Users
The still in draft formDOE reportS y (1 A PétedtRI=Maritime Markets for Marine and Hydrokinetic Technoldg{@gril 2018°

provides a brief overview of potential maritie markets for marine@nd hydrokinetic technologie§he maritime markets discussed
in this draft reportinclude:

Ocean Observation and Navigation

Underwater Vehicle Charging: AUV, UUV, and ROVs

Desalination

Marine Aquaculture

Marine Algal Biofuels

Seawder Mining: Minerals and Gasses, Data Centers, Constructed Waterways, Shoreline Protec fRephlamishment
Disaster Resiliency and Recovery,

Isolated Power Systems: Community Scale

Isolated Powesystems: Utility Scale, and other applications: off gnth# device consumer and industrial chargimgyitime
transportation, and ocean cleanup.

=4 =4 -8 98 _9_49_4a_2_2

Regarding power for isolated communities, the report identifies the need for microgrids as fdllows:

There arehundreds of isolated communities in the United Staeprimarily 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 thigheverfluctuating price of oil. Transporting
diesel is difficult, expensive, and, in many cases, requires extensive storage capadity commercial endeavor faces
investment risk because of the uncertainty of future milces and the resulting unpreéxtable energy costs for remote locations.

8at 208y Al t al NRGAYS al NJSdia T2NJ al NAyS YR I 8RNR{AYySGAO ¢SOKy2f23A84a¢
DOE, 201&ttps//www.energy.gov/eere/articlesfinnovativenarketsmarineenergy
6t 208y dGAlt al NRGAYS al NJSdGa T2NJ alt NXyS YR | 8RNRIAYSGAO ¢SOKy2f 234 84a¢
DOE, 201&ttps://www.energy .gov/eere/articlesfinnovativenarketsmarineenergy
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The DODODepartment of Defenseas dozens of permanenftases that operate in these same regions with similar electricity

supply conditions and significant pressures daXdramatically change energy consumption at installation or joint base,
implement renewable energyi SOKy 2f 23ASa> YR 3ISYSNYGS FyR aiG2NB SyTlGeNHeEe (2
DOD also has numerous forwaogerating bases thaare often more remote from fuel sources andespte with higher cost

profiles.

Isolated resortsare another category of microgrid consumen Alaska these are often fishing resorts, some of which baea
around for generations. In both Alaska and the warmer island regions there is a growirgsedcsectorand some of them are
remote. They all have the same incentives as the isolated communities for reduaieglacing diesel generation of power and
the ecoresorts have the added incentive of needing to maintaigraen footprint as much as psible while continuing to
provide the amenities expected by tourists.

Most of these isolated communities have access to harvestable MHK resources: wave energy or tidal ciorentastal and

island communities and river current for inland locations. &ldesire to reduce energy costs and keep remote communities
viable has motivated subsidized energy for many communitiddaska provides support to all remote communities to reduce
electric utility prices for residential users to a rate that is close &ltrger gridconnected 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 lifwHK technologies costs become significantly lower
than diesel costs, MHK technologies could improvefihencial viability of remote communities by reducing dependency on the
state subsidy which is at riskfifrther cost reduction allows costs to fdlelow subsidized rate it could reduce the cost of living

and allowingmore money to circulate in the local economy

In addition,°

Pat 208y dAaltt ak NRKGAYS al N Sda T2Nl alNAyS FyR | 8RNRIAYSGAO ¢8O0Ky2t23A8a¢é 0A
DOE, 201&ttps://www.energy .gov/ere/articlesfinnovatvemarketsmarineenergy
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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 feel. 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

O 2 Y Y dzyentiredo@diduring the summerlgiuggig, Alaska, has been exploring the utilization of a river current generator that
LN GARSE |o62dzi KIFIfF 2F GKS O2YYdzyAdeQa LRoSNWD ! O2YYdzyAde
storage to respondo 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 spritayvtieat make dams not a feasible answer for

a small community

For some coastal communities, developing a tidal current system is similar to developing a riversystent (but slightly more
challenging due to corrosion and varying current velocity and direction). Tidal currents, while predictable, vary hour dyd

day to dayGreater 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 tidiee)

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 generationTidal 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. Tise&é&@ezes over, and
many locations in the Bering Sea and Arctic Ocean could be impacted; howeveheti@mena of frazil ice and breakup sean
river current applications are not present. Frazil ice ghanomenon in which the water reaches freezing temperature and forms
ice crystals but is too turbulent tiveeze solid. The icy river is slushy on top and very abrasive. Therefore, opeiddingutrent
generatorsunder the ice is feasible. Doing maintenance duringcioeered times of the year might not be economicailgble or
even possible.

2.3 DOE HydroNEXT: Pumped hydrokinetics for non - power generating dams
In 2017,Energy Departmenseleded 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 purspecige hydropower and nepowered dams.

13
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{ dzZLILR2 NI Ay 3 (KS 9y S NRBinitatvd,dhdsd profeytdianito ldwerRedEBE bimprove performance, and promote
environmental stewardshipAccording to DOE,

hyte GKNBS LISNDSyld 27F (KS. Thenosodefed damNPD)iechaGogyJikecis Sill kefp &y@tii N O A i
resource by supporting the development of ldwead, modular designs, which use separate, similar components that can be

easily integrated and scaled to greater capacities. Modular designs can reduce infrastructure and construction costsaéad oper
flexibly over a range of conditions at existing dams. The pungtethge hydropower (PSH) projects will study the feasibility of
innovative concepts for closddop pumpedstorage hydropower systems.

Three organizations won awards, naméfy:

1 Shell Energy Ndnt America of Houston, Texas, will investigate the feasibility of building a 5 MW dtasg@dprojects
typically consisting of two reservoirs that are not connected to natwfdlying sources of watar pumpedstorage system.
Specifically, the project wiltonsist 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, @wodtl@ption to increase
closedloop PSH development.

1 National Renewdle Energy Laboratory of Golden, Colorado, will couple a Ternary PuStpeage Hydro (PSH)
technologyt the fastestacting and most advanced system availabkgth sophisticated transmission monitoring and control
equipment to address renewable energy intatjon issues. The project will provide a proof of concept for a highly flexible
aeaidsSy GKFG OFy AYLINROS t{1 Qa loAftAGe G2 AYyGSaINIXYGS O NXI o

1 Obermeyer Hydro Accessories Inc. of Wellington, Colorado, will install reversible pump turbinesbmérsible permanent
magnet motor generators a more costeffective 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 thevidlesig
facilitate the storage of renewable energy throughout the United States.

" poE, https://www.energy .gov/eer e/water/articles/energlepartmentawards98-million-nextgenerationhydropowertechnologies
2poE, https://www.energy .gov/eer e/water/articles/energlepartmentawards98-million-nextgenerationhydropowertechnologies
14
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3.0. Microgridsin Rural and Isolated Communities

This section provides information dvicrogrids in rural/island environments, with a focus on the United Sates.

3.1 Wave Resources
DOEWater Power Technologies Office (WPTQO) has conducted resource assessmigii for

 Waves
9 Tidal streams
 Ocean currents

TheMapping and Assessment of the United States Ocean Wave Energy ResportéElectric Power Research Institute (EPRI))
assessg ocean wave energy potential along the U.S. coasts. The theoretical resource potential for generation from wave resources

Is estimated to range between 1,562,640 TWh/year. The technical resource potential for generation from wave resources is
estimatedto range between 8981,229 TWh/year->

3 Download the EPRI report frorhttps://www.energy .gov/sites/prod/files/2013/12/f5/iverire_hydrokinetic_resource_assessment_and_mapping.pdf
15
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Theoretical and technically recoverable hydrokinetic energy estimates
for the continental United States.

New England 14.4 0.2
Mid Atlantic 33.5 1.0
South Atlantic Gulf 38.5 1.2
Great Lakes 6.2 0.01
Ohio 79.2 6.9
Tennessee 20.4 1.0
Sauris Red-Rainy 1.8 0.03
Upper Mississippi 47.0 5.1
Lower Mississippi 208.8 57 .4
Texas Gulf 8.9 0.05
Arkansas Red 451 1.3
Lower Missouri 79.8 5.6
Upper Missouri 74.3 2.8
Rio Grande 29.5 0.3
Lower Colorado 57.6 3.9
Upper Colorado 46.9 1.1
Great Basin 6.9 0
California 50.9 0.7
Pacific Northwest 296.7 11.0
Alaska 235 20.5
Total 1,381 119.9

kenewanie Energy vesigri Loncepts Lc. sgy LOININs Ku. 10i€yo, vwA smww.reucenergy.corﬁ360) 2198934



Source: EPRI (2012).

The Assessment of Energy Production Potential from Ocean Cuakmtg the United States Coastlimeport (Georgia TecH)
assesses the maximum theoretical power resource contained in the ocaements. The theoretical resource potential for
generation fromocean currentgsesources is estimated to be 200 TWh/year

The figure below shows the US wave energy resources.

1 https://www.energy .gov/sites/prod/files/2013/12/f5/energy_production_ocean_currents_us_0.pdf
17
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The U.S. Has Significant, Distributed MHK Resources

Ocean
Wave

2640Twh

per year

River
Current

1381Twh
per year

Ocean
Current

Marine Energy

. - Wave Energy
‘ Current Energy

https://energy.gov/eere/water/marine-and-hydrokinetic-resource-assessment-and-characterization

Source: DOE, 2017

'® 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. marked include coastal and interior Alas%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.

¢ K $otential Maritime Markets for Mrine and Hydrokinetic Technologie@\pril 2018*" 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, 8B8&bGinllion in

MHK technologies installed cost (assuming $5 per Watt installdd). U.S. market includeapproximately 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 Mariarlalands, and some islands in American Samoa. Other major island
territories, such as Guanhave 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 idodated communities above and
some are independentNo database of remote resorts and their electrical |oaas been identified.

1 DOD operates numerous Pacific Islandliites in the Marshall Islands, Guam, and Okinawa, as well as B&gta in the
Indian Ocean. Some of these bases will have loads larger than-kfi¢/ Garget, but the basienarket and benefits of

MHK technologies will still apply. DOD has nine basedask# about half areoastal and could benefit from MHK
technologies.

MHK technologiegemote areasserve a market niche with high energy costs so it is easier to be competitiiee potential
customers have relatively small power requirements that maake projects easier to finance for the early higgk demonstrations
of the technologye C2 NJ S HannfigJangl finanaing early projects in Alaska will require cooperation between the state
government and thdocal utility. Both have a financial && in the energy system. The state provides a fuel subsidy for power

1o https://scholarship.law.duke.edu/cgi/viewcontent.cgi?article=1541&context=alr
Yat 208y dAalrt al NRGAYS al NJSda T2Nl alNAyS yR | 8RNRIAYSGAO ¢SOKyz2t 234 8a¢
DOE, 201&ttps://www.energy .gov/eere/articlesfinnovati venarketsmarineenergy
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generation in higkcost remote communities. The drawback is that because the state pays approximately hba# obst of
electricity in these remote communities, if it does not provideiain of the capital cost for &enewable energy system there is less
incentive for the small local utility to fund a project®

Many rural communities in Alaska also rely primarily on diesel generators for powdaska ranked second only to Hawaii in the
''YAGSR {01 0Sa F2NJ Ada aAKINB 2F St SOGUNAROAGE 3ISYSNY GSIRstime@ RAS:
iKS ! yAGSR {GFrdSaz GKS aidlrasSqQa LISNI OF LA GLEF Sy S NiEénsivemdSstryh & G KA
wdzN} £ O2YYdzyAGASa Ay GKS adrasS KI@gS y2 00Saa G2 || @dekeR |y
electricity generators. In the larger communities in Alaska, natural gas is the primary power source, adcoumitid NJ KI ¢ ¥+ 2 ¥
LRSSNI A3SYySNYGA2yT 6AGK KERNRSE SOGNAO | yR LIS NRt Sdzy f AljdzA Ra S

K
R

¢KS 5h5 A& ftaz2 |y2G3KSNI LJ2{Sy A Puertoidgihé BaNagadsl).S. Wikgid Islar@iSubaaidl & 0+ &
other remote areas. The interior Alaska communities have river current potential, and the coastal and island communitlgs usua

have wave and tidal current resources. Hightude locations with winter ice covering most rivers will only be generagioger
RdZNAyYy3 KFEF (GKS &SI NJ dzyt Saa NA DS Nk i AFerice, BeSDOS Mighi I8 i potehtinlBitiaR S & S ¢
customer for installation in Puerto Rico, with others potentially nearby, such as the Bahamas, U.S.V.l. and Cuba.

The still in draft forrDOE reportS y (i A PotedtiRIsMaritime Markets for Marine and Hydrokinetic Technoldgi@gril 2018
provides an overview of the potential market as follows:

Water (islands) or being remote from population centers (for examptere 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 &dsgdnave

Bat 20 SydArlt akF NRGAYS ab N Sda T2Nl alNAyS FyR I 8RNRIAYSGAO ¢SOKy2t234AS8a¢ 0A
DOE, 201&ttps://www.energy .gov/eere/articlesinnovati vanarketsmarineenergy
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
Aat 208y Al t al NRGAYS alb Ny Sda T2Nl alNAyS FyR | 8RNRIAYSGAO ¢8O0Ky2t23AS8a¢é 06A
DOE, 208 https://www.energy .gov/eere/articlesfinnovati venarketsmarineenergy
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populations that correlate with better transport connections. IsolatedsUcommunities 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 Klastk&y smaller Hawaiian islands of
Lanai and Molokai, a couple of dozen islands mostly off the Maine coast, four inhabited islands in the Northern Maridsa Islan
and some islands in American Samoa. Other major island territories, such as Guam, hervatildrgs.

In Maine, Isle au Haut residents plan to install a sophisticated microgrid this spring that could eventually end theie @hian
SELISyaArdS LR6SNI YR KSIFGAY3I FdzSf FTNRBY GKS YI A y-folny, B ausHauwt 2y
residents pay at least double the amount a Portland or Bangor resident would for their electricity, kerosene and oil. @omgpoun
matters, an aging undersea electric cable between Stonington and the island could fail argleday. Hauis 6 miles long, 2 miles

wide and located 6 miles off Stonington. It has 73 yeamnd residents and four times that in the summer. Half of the island is part

of Acadia National Pag?

There is a growing number of remote and ecotourist resar8me ag included in the power systems of the isolated communities
above and some are independefhe 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 bakkaweiloads larger than the W 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 ivekiifro

technologies.

The international market is much larger, congad of thousands of small island and remote coastal communities. Indonesia alone
has 13,000 rural communities without utility power servicBscompetitive MHK system will have a large global market space to
develop.TheDOD has nine bases in 3112 Alasiaut half are coastal and could benefit from MHK technologies.

22 https://bangordailynews.com/2018/03/05/energy/mainislandsplanto-buil d-its-own-energygrid-could-changethe-gamefor-remote-communities/
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3.2.1 GridLevelU.SlsolatedPower System

Isolated power system markets are the Hawaiian IslatiasJ.S. Virgin Islands, Puerto Ricand Pacific Island territories. There are

eight utilitieswith 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 electricTtge total load for these eight utilities is over 1,300 M¥v.

Assuming25% 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 gallored af fu

year to dive desalinization plants that purify 2 billion gallons of water annuallyse of diesel generators for these higbst

utility markets causes energy price volatility due to fluctuating oil prices, as well as other negative impacts, such as high
greenhousegasemissions 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 multimeggpeetitnities for

MHK projectswith 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
infrastructure to supportcomplex systems. For example, Hawaii is alreadgyring 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 reduckusssi fue
generating electricity by 60% by 2025

Below is an example of PuertRico:

Puerto Rico is failing relative to traditional reliability measures. The System Average Interruption Frequency Indexs (SAIFI)
11.61/year, the System Average Interruption Duration Index (SAIDI) is 48 and the Customer Average Interruption Ddeation |
(CAIDI) at 180 minutes/montfhere is no doubt Puerto Rico needs a full transformatiorhe main fuel sources for the generation
fleet are mainly four different fossil fuels. They are heavy fuel oil, diesel, natural gas and coal. Renewable epenggoompasses
around 2% of the generation. The majority of the fleet is over its usefulllife.local utility (PREPA) needs to replace the fleet to

PBat 208y aGAlt alk NRGAYS al N 66OKY2NR AR REYSOAYRRNERNRB |{AYySiA0
DOE, 201&ttps://www.energy .gov/eere/articlesfinnovati venarketsmarineenergy
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mange to control costs, maintain reliability and comply with environmental regulationihe solution foreliability and resiliency
for the Commonwealth is to explore additional renewable energy resources and micrd@utef the multiple possible renewable
resources, marine hydrokinetics with pumped storage appears to be the most appropriate.

t dzS NI 2dziwmfOR & LI I yva (2 4S3YSyid GKS AaflyRQaEd St SOGNAROIE INRR .
(IRP) that the Puerto Rico Electric Power Authority (PREPA) plans to finalize and submit to regulators February 12T®019

futher AYONBIF &S GKS AaftlyRQa SySNHé& NBaAfASyoOes G(GKS Lwt L y O
Microgrids also would be built in remote areas of Puerto Rico not easily accessed by transmission lines or suitableigad& min
According to the report Puerto Rico has hydroelectric generatifry:

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 untlézed due tostaffing and funding shortages resulting in
deferred maintenancessues.The operational units total 34 MW with a capacity factor of less than 20 percent as of the first
guarter of 2018 In an effort toalternative methods that could ecomaically increase the output and continuing operation from
these clean hydroelectric resources, PREPA issued a Request for Proposal (RFP) regarténg le@ge and energy sales
agreement for their hydroelectric power plants

>4 Download the report fronhttp://energia.pr.gov/iwp-content/uploads/2019/01/MotionCEPRAR2018-0001-2.pdf

?> Download the report fronhttp://energia.pr.gov/wp-content/uploads/2019/01/MotionCEPRAR2018-0001-2.pdf
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Below is an example of waenergy project Hawaii:

Ocean

Currently, the U.S. Navy has partnered with the Hawaii
National Marine Renewable Energy Center (HINMREC) at the
University of Hawaii-Manoa, one of three federally-funded
centers for marine energy research and development in the
nation, to establish a multiple-berth wave energy test site
(WETS) at Kaneohe Bay, Oahu. The purpose of the WETS is to
collect and analyze wave buoy equipment performance (grid-
connected), cost, and durability (which will help guide
industry design improvements), as well as monitor
environmental impacts from wave energy technologies (EMF,
sediment, ecology). The first new tenant, Northwest Energy
Innovations (NWEI), deployed its first Azura prototype wave
buoy at the WETS 30-meter-deep berth.

Lifesaver Wave Energy Device, Kaneohe Bay, Oahu

The Azura buoy is the fourth wave buoy attached to the 30 meter berth since 2004, however, it is significant as it is
the first grid-connected wave buoy in the U.S. to provide data for third-party (HINMREC) analysis. The Navy plans to
remove the Azura buoy in 2016 after the trial demonstration period is over. Local Hawaii marine services companies,
Healy Tibbitts Builders and Sea Engineering, Inc., Hawaii Natural Energy Institute’s marine services partner,
performed the installation. NWEI, with $5 million in additional
funding from the Energy Department, will apply lessons learned
from this current phase of development to modify the device
design in order to improve its efficiency and reliability. NWEI plans
to then test the improved design with a full-scale device rated
between 500 kilowatts and one megawatt at WETS at even deeper
test berths of 60 meters to 80 meters over the next several years,
further supporting efforts to build a robust and competitive marine
hydrokinetic (MHK) industry in the United States. In March 2016,
the U.S. Marine Corps and the Naval Facilities Engineering
Command, Engineering and Expeditionary Warfare Center (NAVFAC
EXWC) announced the launch of a second wave buoy to be
connected to the WETS; Norwegian company Fred Olson, Ltd.’s
Lifesaver wave energy converter

OTEC Pilot Project, Keahole Point, Kona

Sourcehttps://energy.hawaii.gov/wp

content/uploads/2011/10/HSEOFactsFigures May2017 2.pdf
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Below is an examplén Alaska

Accordy/ 3 (i 2 BlasRaytheipafential for new hydropower development is limited by the market, not the resource; the 4.7 GW
potential from previously identified hydrbJ2 6 SN A GSa A& R2dzf S GKS SYyGANB adLXdSqa Ay
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 pricex$%3@BKWh in

2011)yp%¥ Specifically?’

Rural Alaskaconsists 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 Alaskacdradined
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 fadity operators.

In some cases, hybrid micgrids containing hydrgpower 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.
Hydopower is used where available, such as in Kodiak, where the electric utility is supplied by 80% hydropower and 19% wind.
¢CKS / 2LILISNI 1 ftSe 9f SOLMEONI BHRORABASYQAYYAEf RET KRRND2Y Yy S
diesel generation in Glennallen. Gustavus, Chignik Lake, Larson Bay, and Atka all have sofal/eurhydropower that

provides most electricity, augmented by standby diesel

26 https://www.energy .gov/sites/prod/files/2018/02/f49/HydropoweNision021518.pd
27 https://www.energy .gov/sites/prod/files/2018/02/f49/HydropoweNision021518.pdf
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4.0. Microgrids Market Estimates

This section provides information that addresses tharket size, projections, driverand barriers of the page commercial

potential section of the DOE Phase | proposal. We note that since your technology is a niche product, market data isapravided
high level, and does not necessarily size pibeential opportunity of your technology.

According to Navigant Research, which has tracked microgrid deployment since 2011,Niwh America (34%and Asia has
roughly 40% of the market®®

4Dt 26t aA ONRINRR ¢2dzNyY ! € ¢ { A2 httpst/@ikrggiidkniogl edgedzdmiwgdoriteh tiu loads 2R &/GMEobald Y dza @ al &
MicrogridsAsmus.pdf

26
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MICROGRID DEPLOYMENT TRACKER:

CUMULATIVE IDENTIFIED PROJECT AND PORTFOLIOS BY REGION

Total Microgrid Power Capacity Market Share by
Region, World Markets: 4Q 2017

Antarctica
0%

Middle East & Africa

14% -\

Latin America

% North America
4%

40% \ Europe
9%

Source: Navigant (May 20185.

Navigant breaks the microgrid meet into the following segments (with % of total deployed power capacity: Rengago)
Commercial/IndustrialZ5%), Community8%), Utility Distribution (4%), Institutional/Campus (9%), and MilitaBp4)>°

4Dt 261t aA ONRINRR ¢2dzNY ! dmis. Nlay ZD{ehttpst/@ikrgyiidkriowl ededzmiwidortteh thu (flaads 208 &/E5 NGl obal
MicrogridsAsmus.pdf
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TRACKER: REMOTE MICROGRIDS GLOBAL SEGMENT LEADER

Total Microgrid Power Capacity Market Share by
Segment, World Markets: 4Q 2017

Direct Current
0%

Commercial/lndustrial 25%

Remote
39%

Community
B%

Utility Distribution

Military — 14%
5%

Institutional/Campus
9%

(Source: Navigant Research)

Source: Navigant (May 2018j.

¥6¢Dt 20+t aiA ONRBINRR ¢2dANY t 6§ SNIAITY Httst/@ik@idkrioRl adyegmiwgdortteh tiu ploads/2018/05/Global
MicrogridsAsmus.pdf

9Dt 20t aA ONRPINA R! ¢A dzZNI f A © & { x 3 i BrtNst/mikirfizknidal exlge @omavpcenyerdyu ploads/2018/05/Global
MicrogridsAsmus.pdf
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Aforecash 8 8 dzZSR o0& bl A3l yi wSMEkeNIa: Micrggrid® iflentids lsi/axli nevé e tids énfer§ifgin &
the global microgrid market as it moves toward becoming a $30.9 billion industry by 208Mlights from this report are
summarizedyy G KS LINB&a REL S§IQaESBENEWINVE! GRONE IME RAOD2 RN Il FBodkdpa -

1 The international market is much larger, comprised of thousands of small island and remote coastal communities.
Indonesia alone has 13,@0rural communities without utility power servicesA 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.

1 Asia Pacific already shows more gty under development, but it is concentrated in remote systems in developing
world nations If one focuses on grtled systems, North Americaprimarily the US; is still in the lead and will remain
so for quite some time. Hot spots in Asia Pacifgioa are Australia, India, Japan and China.

1 Growth is not spread evenly along all market segmerigemote microgrids, the most mature market globally, increased
roughly 30 percent if compared to previous market forecasts.

1 North America remains a vibrant meet 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.

1 Among customer types, commercial & industrisbmpanies are adopting miogrids most quickly.

Ly AdG& dai ONER3INR RrepsrtS Navigaat YResearch wlelifi€d] rSoNeE than 240 additional microgrid projects,
representing over 1,239 MWAs of 4Q 2018, globalliavigantidentified 2,258 microgrid projects representing 385.0 MW of
planned and installed power capacifforth America is the leading microgrid market in terms of total capacity, followed by Asia
Pacific and the Middle East & Africglar PV and energy storage feature prominently in modern microgrid systgamscularly as
rural electrification and energy access programs fuel growth in the remote segmenbrding toNavigant remote microgrids
represent nearly 40% of all microgrid capacity globally with a total of 7,604.4 MW. The next largest customenrtsdynoapacity

32 https://www.navigantresearch.com/reports/markedata-microgrids
B2 K GQa S5NAGAYI aAONRBINRRA (26 NR | htpsy/micrgridkaow BiyeS drimicrgridihdzetiavigant/s Hamy ® 9f A a
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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 segioent al
leads the market in terms of new capacity additions in this edition of the Tracker, with 67 new entries reéimgdis.4 MW*

'RRAGAZYFE AYF2N¥VEGAZY 2y YA ONZ 3 BhHaldmicodrig toua &ll sird grinRto Augtrdlia KS 6
LINB & Sy (i SR oR&ter \$mdsy Bringjpél ®Résearch Analysi G KS daA ONRBINAR H Ry Kemde2 y FSN
microgrids represen89% of all microgrid capacity globallydropowermicrogrids represeniess than 6o of all microgrid capacity

through 2027

MICROGRIDS: DER GROWTH TRENDS

Selected Microgrid DER Capacity and Spending, World Markets: 2018-2027
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34 Microgrid Deployment Tracker 4Q18. Navigdritps://www.navigantresearch.com/reports/microgrideploymenttracker4q18
®¢Df 20t aAONRBINAR ¢2dN) ! f € { A 3y httpst/disrggiidknioRl edyedzdmiwidoritek tiu laads203810S/Slbbaka Ydza © al & +
MicrogridsAsmus.pdf
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Source: Navigant (May 2018).

Other estimates are from the 2016 Frost & Sullivan report eritl&Grognving Opportunity in the Global Microgrid Mark&
According to this report,

1 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 ABR&cific (APB) showing the fastest growth.

1 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

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

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

1 Four business modeishybrid, private investor, community, and utilityexist for microgrid development; they differ
depending on the environment, soegxonomic context, size and ende application, and the regutay environment in
which it is being developed.

®GDNRSAYI hLILRNYdzyAded Ay (GKS Df 201t ai OtpR/ANERstadmigiod igdpportaMEitiie-glebaH dzt t A S y &
microgridmarket.html
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Revenue by Application Segment

The largest revenue segment of the global market in 2015 was commercial/campus, largely driven
by the higher bankability of these projects compared with community-based projects, as well as a
higher cost per kW than other microgrid segments. The industrial segment was in second place
due to strong growth in hybrid projects globally and CHP-driven microgrids in the United States.

Total Microgrid Market: Revenue by Application Segment, Global, 2015

Note: All figures are rounded. The base year is 2015. Source: Frost & Sullivan

1,400.0 1.258.3
1,163.3
1,200.0
§ 1,000.0
Z 8000 7181 7601
£
g€ 600.0
c
o
& 4000
@ 1832
200.0
Rural & Island Grids Community/Utility Industrial Military Commercial/Campus
# North America 30.6 530.8 408.3 173.5 898.3
u Europe 191.1 116.8 66.3 2.7 153.9
HAPAC 312.5 105.0 437.6 5.5 160.2
uMROW 183.9 75 251.0 1.6 459
Year

Renewable Energy Design Concepts Llc. 389 Collins Rd. Toledo, WA 98&@tredcenergy.conf360) 2198934

32



Renewable Energy Design Concepts Llc. 389 Collins Rd. Toledo, WA 98&@tredcenergy.conf360) 2198934

33





















































































































