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Hawai’i has no indigenous sources of

Fossil Fuels: Coal, Oil or Natural Gas
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Hawaii’s Historic Dependence on Fossil Fuels
Primary Energy Sources in Hawaii, 1970-2008
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Over 36 years, petroleum consumption remains above 85%
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Economic Cost for Hawat’i Island

2010 Estimate

Based on 80 million gallons of gasoline at $3.10 per gallon, 20 million
gallons of diesel at $3.50 per gallon, 1,200 million kWh of electricity at
$0.327 (residential) and $0.300 (other), 30 million gallons of aviation fuel at
$1.90 per gallon, and liquid petroleum gas sales of $5 million.



How is primary energy being used on the Island?
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Hawaii — Existing Renewable

269 MW capacity
203 MW peak demand
70 MW off-peak baseload

Puna Geothermal — 38 MW
Sopogy (CSP) — 500kw - NELHA
SolFocus (CPV) — TBD - NELHA
Hawi — 10.5 Wind — Upolu Point
Pakini Nui —20.5 MW Wind — S Point
Lalamilo Wind — 1.2 MW — Waimea
Puueo Hydro — 3.25 MW — Wailuku
Waiau Hydro — 1.1 MW — Wailuku
Wailuku River Hydro - 12.1 MW
Cellana — Biofuel TBD — NELHA
Small Hydro — 300 KW — Various
Distributed Solar Thermal — 13GWh
Distributed PV — 7.5 MW+



The Island of Hawal’i

e Large land mass

* Low Population
Density

» Large area of high

quality wind

800+MW of

Geothermal potential

Ample hydro-electric

potential

* Tourism economy

* We go to bed early!

10




Areas of Available Geothermal Energy=438MW
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Geothermal + Wind + Hydro
loff-peak hours]

Curtailment = Waste

|

Curtailment = Fuel




Potential curtailed
renewable electricity
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Hydrogen Fuel from Sunshine & Water  wHyrogen:
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Hydrogen can be used as a liquid fu

trucks, buses and other vehicles. It even powers
the space shuttle!

Hydrogen can be used in fuel cells to
generate electricity for businesses,
homes, vehicles, or the utility company.

Electricity from photovoltaic modules can Electrolyzers split water molecules
be used to power electrolyzers to make into hydrogen and oxygen. The
hydrogen hydrogen can then be used as fuel

@ The Sun @ Fuel Cell

The Sun, approximately 83 million
miles away from the Earth, radiates
; photovoltaic one electron. slectrolyte
‘and a cathode). In one common type of
hp‘“mﬂpum
‘with oxygen
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OTEC:
Baseload
Power for NH3
Production

* Floating Plant Ships

e Large Scale for
Commercial
Production

* 100+ MW capacity

* Electrical Source for
NH3 Production
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Where can | buy a
hydrogen vehicle??




Plowing the way to the Hydrogen

Economy in Hawaii




Electrolyzers, Fuel Cells & Hydrogen
A New Value-Added Grid Services Methodology

Different Characteristi
lead to different Servi¢
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| Depends on type
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»| ICE Gen
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Controllable Variable Load

Electrolyzers = Ramp Up
+ PEM » Steady State
s Alkaline » Ramp Down

Value Proposition — Change Operating Rules

Provides 2 Services
s Down Regulation
e Up Regulation

FROM: Wind up = Reserve up

e TO: Reduce Reserve requirement by throttling electrolyzer up and down
PLUS: Electrolyzer producing valuable products while providing grid regulating
ancillary services = potentially more value than just H2?

! > HNEI
.' Hawai‘i Natural Energy Institute @ wianva
University of Hawai'i at Manoa

» Vehicles

Value Add

3

Large Medium-Term Market

»| NH3 Fertilizer

Value Add

!

Large Near-Term Market




Ammonia Production
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NOTE: Direct-DC power coupling would improve efficiency of production and
reduce cost. DC power opportunity has to be evaluated.

National Renewable Energy Laboratory

Innovation for Our Energy Future
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Immediate Demand for Ammonia in
Hawaii

HC&S 6.8 T/D of Urea

!
3.8 T/D of NH3

Analyst est. to be 9-10 T/D of NH3




Hydrogen Production (kg/year)

1 gallon of gasoline)

(Tkg Ha

120,464,900

90,268,000

60,234,000

30,034,000
23,562,606

3,788,823

Hydrogen Production Potential on the Big Island

Currently Permitted
Geothermal Capacity

Estimated Developable
Geothermal Capacity

May Require Additional
Renewable Resource Capacity
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" 24 MW of 60 MW currently permitted geothermal capacity is utilized for H, production
" 142 MW of total 180 MW developable capacity is utilized for H, production
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Hydrogen Infrastructure — Renewable H2

Hawi: Wind H2 «. Hamakua: Biomass H2

HAWAI|
HYDROGEN

HIGHWAY

Hilo: Hydro H2
NELHA: OTEC H2.

Puna: Geothermal H2

South Point: Wind H2

atural Energy Institute 24
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Ford Shuttle Van
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Hawai‘i Natural Energy Institute
University of Hawai'‘i at Manoa




Hydrogen Infrastructure and
Vehicles coming soon.
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Hawal'l Natural Energy Institute
University of Hawai'i at Manoa
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SUMMARY

Hawai’i Island, a Living Laboratory
— Millions of visitors from all over the world

— Perfect stage for branding & demonstrating
the triple uses of NH3 for fertilizer,
transportation fuel and energy carrier

— Perfect stage to prove the safety of NH3
— LET'S WORK TOGETHER! We need to:
a. Demonstrate running a vehicle
b. Run a generator or fuel cell

c. Use NH3 as a fertilizer at a farm
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Support from Government,
Industry and Economic Dev Boards

iam T. Takaba
aging Director

William P. Kenoi
Mayor
Walter K.M. Lau
Deputy Managing Director

ounty of Hafoni’s
Offire uf the Magar

25 Aupuni Strect. Suite 2603 o Hilo, Hawai'i 96720 « (§08) 9618211 « Fax (808) 9616553
KONA: 75-5722 Hanan Suite 102 » Kailua-Kona, Hawai‘i 96740
(808) 02 o Fax (808) 326-5663

July 6, 2010

H2 Technologies, Inc.
Guy Toyama

73-4347 Malie Place
Kailua-Kona, HI 96740

Dear Guy:

The growing opportunities on the Island of Hawai'i for food and energy production in our County
and state are very exciting for our future.

Your work with ammonia in these areas using available stranded off-peak energy — whether
from geothermal in Puna, wind in Hawi or hydro in Hakalau — promises to mest multiple
alternative energy needs and goals such as storing excess electricity, using it for transportation
fuel or as fertilizer for local farmers.

Ammonia has the capacity to become an important component of a clean energy future on our
Island of Hawai'i, and our County Department of and D p is to

sharing a portion of the expense with your non-profit arm, the Friends of NELHA, to conduct
further research into use of ammonia in food and energy production applications.

| heartily endorse your project as a positive development in our progress toward food and
energy sustainability in our island County and state, and | would encourage the Hawai'i
Technology Development Venture to review your project favorably and grant its approval.

Aloha,

E=RN =

Billy Kenoi
MAYOR

County of Hawai‘i is an Fqual Opportunity Provider and Employer.

July 11,2010

H2 Technologies, Inc.
Guy Toyama

73-4347 Malie Place
Kailua-Kona, H1 96740

Dear Guy,

Your potential project to make hydrogen and ammonia using renewable energy is very intere
The potential to store curtailed geothermal power during the off-peak hours to be used in sh.
loads by converting it back into electricity would potentially be very helpful to Puna Geotherr
to help the power utility by making the already firm geothermal power even more ‘dispatcha

Subject to negotiating a formal and mutually acceptable agreement, PGV supports your proje
hope that you will receive a favorable decision from Hawaii Technology Development Ventur
look forward to hearing more of how we can partner up and work towards commercializing t
technology after your project is complete.

Sincerely,
st Vel
Michael L Kaleikini

Plant Manager
Puna Geothermal Venture

n ORMAT & company

ECONOMIC DEVELOPMENT
ISLAND OF OAHU

SENT VIA EMAIL

July 6, 2010

Guy Toyama

H2 Technologies, Inc.
73-4347 Malie Place
Kailua-Kona, HI 96740

Aloha Guy!

Thank you for the opportunity to write a letter of support. The idea of making
ammonia, using renewable energy, serves multiple goals. It can store excess
electricity, it can be used as a transportation fuel and it can be used as a
fertilizer for the agriculture industry in Hawai. The ability to store curtailed
wind, hydro and geothermal power during the off-peak hours, is of extreme
importance for Hawai‘, as we aim for achieving energy and food security.
Ammonia is a solution for both.

We support your project and hope that you will receive a favorable decision
from Hawaii Technology Development Venture. We also look forward to
hearing more of how we can partner and assist you with your goal to
commercialize the technology once your project is complete.

Singerely,

\ o~ .
Mark McGuffie / 4
Managing Director

ENTERPRISE

HONOLULU
THE BUSINESS CLIMATE OF PARADISE
735 Bishop Street, Suite 412, Honolulu, Hawaii 96813 « 808-521-3611
Fax: 808-536-2281 ® www.enterprischonolulu.com



Potentially Large

Customer
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HFuel Trolleys!
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See you at the 8" NH3 Fuel
Conference in 2011!




