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Tidal Energy Solutio
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GLOBAL TIDAL RESOURCE




Why Marine Renewables?

28 coastal states use 78% of the electricity in US

Many Coastal Load Centers Cannot Be Served by Land-
based Renewable Resources

Renewable Energy Goals Cannot be Achieved Without
Offshore Contributions

US Population Concentration U.S. Wind Resource
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INTRODUCTION

Key Drivers of Change
> Population

Resources
Globalization

Climate Change
Technology

Investment

o

o

o

o

o

Acceleration and Innovation for New Energy Future
- Rise of Ocean Renewable Energy
- Regional Tidal Electric Networks




INTRODUCTION : TECHNOLOGY

1985 1997 1899 2001 2003 2005

Note: Excludes large hydropower
Source: REN21 Renewables 2007 Global Status Report, www.ren21.net

® Windpower = SolarPV = Other = Total




INTRODUCTION : TECHNOLOGY

o US Energy Supply -2006

Total = 99.960 Quadrillion Btu Total = 6.844 Quadrillion Btu
Natural Gas Coal 23%
S
e il Biomass 48%
Renewable
e Geothermal 5%
~.
S Hydroelectric 42%

Nuclear Energy ™ __

8% Wind 4%
Petroleum 40%




TIDAL ENERGY AS GREEN TECH)

A Fish friendly
A Requires no fuel

A Produces no pollution.

A Utility Mandates - RPS

A Small impact, significant power
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TIDAL ENERGY ADVANTAGES

Non -Polluting
Highly Predictable

No View -Scape Issues

Material, Cost Efficient

Environmentally Friendly




NEW JERSEY STATE TIDAL ENERGY

o Coastline 130 miles (209 km)

o Tidal Shoreline 1792 (2884 km)

o NJ State Energy Plan

o Global Warming Response Act

o 20% RE Energy Generation 82020

o Solar -RECs - Highly Successful

o NJ #1 per Capital Solar pV Installations 0 US
o Natural Currents -1t NJ DEP Tidal Permit

o Natural Currents 0 FERC Draft Pilot License

> New Pending Legislation re: Tidal RE @




KEY ADVANTAGES NJ REGIONAL TIDAL

- Base Load Renewable Energy

o Regional Economic Stimulus

o Efficiencies for Permitting, Financing

> Public Relations & Public Acceptance
o Early Adopter - Market Returns

o Estimates ~1000 MW, <1% Shoreline




SITE LOCATION FACTORS 0 EARLY STAGE

o Speed of Tidal Current 2 -4 mps

o Depth of Water > 5m

o Distance to Shoreline Interconnection - 500m
o Site Ownership 0 Compensation Issues

> Eco Exclusion Zone

o Permitting issues on Essential Fish Habitat

o Economy of Scale ~ 1 Million Square meters

o 5 MW Target

> ARRA Stimulus 30% Grant prior to 1/1/2014
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NJ ECO ZONES

o Sensitive Areas

o Scenic + Wild Rivers

o Legally Protected

o Special Area Designation




ECOLOGY AND ENVIRONMENTAL |IMPACTS

Stressors
Static Effects
Dynamic Effects
Chemical Effects
Acoustic Effects
EMF Effects
Energy Removal
Cumulative Effects

Receptors
Physical Env 0 Near
Physical Env o Far
Habitat
Fish 0 Migratory
Fish 0 Resident
Marine Mammals -Birds
Ecosystems
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HIGH RESOLUTION
SUPER COMPUTER MODELING TIDAL FLOWS

Ocean Temperasture and Currends
NCOM Anatysis 0000 UTC 02 Mar 2009

Finite Element Grid for the
ADCIRC Modiel Domain,
Long Island Sound
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TIDAL HEIGHTS AND SPEEDS

Long Island Sound
Bevation (m)

-20-0510 25

NYC

Delareware Bay

Chesapeake Bay

Surface elevation at
region of study

Velocity (ms)

0.5

Elevation (m)

-20-0510 25

Modeling of whole region

Modeling of NJ coast




SITE EVALUATION
R/V SEAHAWK O OCEAN RESEARCH




WARDS ISLAND BATHYMETRY DATA




BENTHIC SAMPLING AT HELL GATE, NY




20 ToP TIDAL LOCATIONS

O Allentown

~ Trenton
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TIDAL TECH
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The Gorxlov Helical Turbine

NC HAS TESTED THE GHT EXTENSIVELY (Z’)OZ -2006) AND
NOW HAS DEVELOPED MORE COST EFFECTIVE TECHNOLOGY

NC,

WITH RED HAWK AND SEA DRAGON




DESIGN/ANALYSIS




NATURAL CURRENTS RED HAWK

2 28 310 14
Water Spead - U (m/s)

o o o Do o o Do P I» Do Do I

More Power, Simpler Design
Broad Application, size, shape
Eliminate gears

More Cost Effective
Submerged No view scape
Lowest weight per kW
SCALABILITY 0824 months
USA Manufacture & NJ

Grid Intertie

Mega Watt Size Fields

24 Month Plan for Large Scale
3,000 MW Permitted Sites
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PRINCIPLES OF OPERATION

Electromagnetic & Electromotive

Lift & Drag

Rate of Rotation, Tidal Flow Speed
Linear Generator, Inductor Coils

Grid -Quality Power 480v, 3 PH.60Hz
Turbine is Generator

Operates in Common Tidal Flow Speeds
Produces Grid -Connected MW Scale Power, 75 MW
Patents Simplify Structure, Materials, Reduce Costs

Add Value to Consumers, Flexible Deployment




NJ FIELD TESTING
SHREWSBURY RIVER
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FIELD TESTING 1/5T™ ScaLE UNIT




NBC NEWS COVERAGE




SITE SPECIFIC ANALYSIS
HIGHLANDS , NJ




FERC PERMITTED AREA
HIGHLANDS , NJ




Fleld Survey Trajectory 5.21.10




KEY ASSUMPTIONS

3 Key Limits or Prevailing Factors
1. Energy in Resource Power Equation
2. Regulatory Limits 5,000 kW 6 6 mo.

3. ARRA Time 30 % until Jan 1, 2014




POWER OUTPUT
i Power (W)=0.5*A*v 3*p* A
A = Area of the turbine = 1.6 * 15 = 24sgmts
v = Velocity of the water = @3m/sec

1 = Efficiency of the system = 0.31
A = density of water (1 g/cm 3)

Power generated per unit in kW = 100 kW
o KW capacity if 50 units are installed  =5,000 kW

1 KW-hours per year = 5,000 kW* CF *(8,760
Hours)

Capacity factor (CF) ~ 0.4 ( Percentage of generation time)
Hours/ year = 8,760

kKW hrs/Year = 17,520,000 kW Hrs/Year @
17,520 MW -hrs / yr




REVENUE

Kilo Watt -Hours generated per year with 50units
=17,520 MW hrs

Revenue calculated @ $ 125 MW -hr sale price

Revenue generated / year = $ 2,190,000 / year




PAY BACK

Revenue = $ 2,190,000/Year
Cost = $15,000,000
Simple Pay Back (SPB) = 6.85 Years

Return on Investment (ROI) = 14.6%




ARRA STIMULUS GRANT

ARRA Section 1603 = 30% IRS Grant
Issued until Tidal Electric Jan 1, 2014

Revenue = $ 2,190,000/Year
Cost = $15,000,000
ARRA 30% = $ 4,500,000
Project Cost w/ ARRA = $ 9,500,000
Simple Pay Back (SPB) = 4.34 Years

Return on Invest (ROI) 23 %
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TOTAL INSTALLED COST @

Component category | Single unit ($) 50 Units($)

Structural Piles 10,000 500,000
Decking 20,000 1,000,000
Permits , Engineering 60,000 3,000,000
Equipment 180,000 9,000,000
Cables , Electronics 30,000 1,500,000
Interconnection

Total $300,000 $15,000,000




FERC PERMITTED AREA
HIGHLANDS , NJ




(@)

(@)

(@)

o

o

ENVIRONMENTAL IMPACT

Unitarea = 1.6 *15=24 sm

For 50 units = 24*50 = 1200 sm

Total Surface area= 78,400 sm

Total length = 2,800 m X width 28 m = 78,400

% of the project area/ total area= 1,200 sm/ 78,400 sm
= 1.5 % total permitted Are;

@
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SUMMARY

NJ has progressive RE Policy

- GWRA, NJ EMP, S-RECs,

20% RE by 2020

High NE Energy Prices

Business Friendly Administration
Crenellated Tidal Shoreline 382884 km
NJDOT Leadership to assess Tidal Resource
First Tidal Commercial Project 02012
Statewide Survey NJDOT and CUNY

1% (30 linear km of total NJ Coastline ) =
>1000 MW estimated state Potential
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INITIAL PROJECT DEVELOPMENT
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Modeling of NJ coast region
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