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Pacific Coast Generation Status and Trends Pacific Northwest

Proudly Operated by Battelle Since 1965

» Electricity generation in Pacific coast states dominated by natural gas,
conventional hydropower

B Growth primarily in natural gas; secondarily in renewables lead by wind

B Hydro declined to 72% of peak in 1996-1999; returned to 90% of peak in
2011 due to extremely high flows — displacing wind and gas

» Consumption increased annually through 2006, then faltered
B Down in all sectors except renewables
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Wind Dominates Growth in Renewable Faciflc N =
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Generation in Pacific Coast

» Wind generation grew ~7x over past decade
B Solar up 2.4x but remains small
B Biomass and miscellaneous sources flat
B Geothermal declining
» Constraints seen on rapid growth
B Load balancing to accommodate intermittent generation

B Constrained ability to move wind power to California during peak
hydropower flow
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WA Exports Renewable Electricity Pacific NOTtH o A
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» Before 2000, west coast energy depended upon exports from Canada
» Since 1990, California has increased its importation of electrical
energy
B Oregon’s deficit has been low for the past 7 years
» Since 2000, Washington has been a net exporter of electricity

B Exceeding net imports by Oregon and California combined for 7 out of the
11 years Wind Resourceasof N
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Renewable Energy Goals Drive Investment Pacific NOTtH o A
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» DOE - 30% by 2030
» DoD- 3 GW by 2025 (1 GW from each force)

Renewable Portfolio Standard
Alternative Energy Portfolio Standard
| Renewable or Alternative Energy Goal

Data from http://www.pewclimate.org/what_s_being_done/in_the_states/rps.cfm
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Pacific Northwest

Why Use Ocean Renewable Energy?
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» Large renewable energy source, with positive attributes relative to demand

B Potential exceeds demand

B Higher/steadier wind speeds

B Highly predictable waves and tides
» Resource is near load centers

B 52% of US population lives in coastal counties

B 28 coastal states consume 78% of nation’s p - I S A A

electricity

B Simplifies transmission requirements
» Reduced environmental effects

B Reduced conflict with human uses . A

B Few bats and birds

» Significant economies of scale
B Larger devices . 0 - 0 - -
| Larger arrays Retail electricity price (¢/kWh)

» Best or only opportunity for utility-scale
renewables in parts of the country
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Resource Base — Wave Energy Pactfic Ner =
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» Greatest potential at higher
latitudes

» Well conditioned
B Predictable
B Consistent

» Effective for remote coastal
communities

» WA/OR/CA

B Total recoverable energy
estimated at 250 TWh/yr

B Compared to total electricity T YT TR
generation in 2011 of 376 TWh oo Nevs ¢ ornsin — P —

Featured: Potential Assi for Energy T C
OREGON WAVE ENERGY TRUST What's New? REACHING OUT MEMBERSHIP
What we do. By the Numbers: World Energy | Did You Know? | Join Us.

We're a connector to all stakeholders. Oregon is a leader Become a member

Consumption
B in wave energy. for Oregon’s future.
Oregon Wave Energy Trust (OWET) -
is a nonprofit public-private 3 N ] Oregon focuses on Why support Oregon
partnership funded by the Oregon i a collaborative model Wave Energy Trust?
g i ’ for getting wave

Innovation Council. Its mission is to Wave energy is one key
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of wave energy in Oregon. ? ) solution for Oregon.
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http://www.oceanor.no/Services/Worldwaves/WW_database, EPRI 2011; EIA annual report



Wave Energy Technologies Pacific NOTtH o A
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Wavegen Wave Dragon

Aquamarine
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Resource Base — Tidal Power Pacific Northwest
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» Greatest potential above 45° North, Sea of Cortez, and Bay of Fundy
to Gulf of Maine

B Salish Sea estimate exceeds 2 GW, or 6% of current WA generating

GOT99.2 NASA/GSFC
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Georgia Tech (2011) Assessment of Energy Production Potential from Tidal Streams in the United States; 9
PNNL (2007) Development of Hydrodynamic Model of Puget Sound and Northwest Straits
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Tidal Power Technologies Pacific NOTtH o A
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8BS,

OPENHYDRO NOVA SCOTIA POWER

IS ]

Verdant OpenHydro Clean Current

Ocean Renewable Power Company Marine Current Turbine 10
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Resource Base — Offshore Wind Pacific Northwest
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.~ CANADA
UNITED STATES

» Over 4 TW of extractable power
— 4 times US generating capacity = o o -

miles of the shore. While the Gulf of Mexico S
and Great Lakes are included as viable i

Wi‘/ *Vancouver
L)

options, models show the strongest winds

B Highest wind speeds, fewer =

The Northeast and Mid-Atlantic regions of
the US are ideal for offshore wind

competing uses, fewer bats/ [ 5

potential wind resources and the shallow ; )‘
water depths allow for more cost effective v 17

birds further from shore ool .\ i@

B 74% of power is over water > |
30 m — Floating Platforms
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NREL (2010) Assessment of Offshore Wind Energy Resources for the United States 11

http://www.arcgis.com/apps/Storytelling TextLegend/index.html?appid=46b2bf2c83bc4ce594ec4abbbb4ff794
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Established Offshore Wind Technologies Pacific NCTHE= T
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Challenges to Development
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Resources >4X Total Land-based Generation, but...

Resource
characterization
insufficient for
investment

Deep water
challenges
technology

Ports and maritime
not ready

No US/State
experience
permitting and siting

High cost and non-
ocean markets

AWS Truepower wind model from USCG
stations, lighthouses, satellite 10 m wind
speeds; wave energy from Wavewatch Il
from NOAA; tidal from ROMS

Floating platforms for wind exist as
prototypes — through O&G sector
experience

Massive wind machines assembled at sea;
no US-flag vessels (Jones Act)

Marine spatial planning underway;
technology compatibility data are scarce

No grid-scale deployments in US; no
pricing for ancillary benefits; 2-4X average
regional cost

PNNL (2012) West Coast Offshore Wind - Barriers and Pathways

Reference Facility for Offshore
Renewable Energy, LIDAR buoys;
WaveGlider vehicles, etc.; high-skill
flexible grid modeling

Deep water pilot projects: Coos Bay by
Principle Power, Gulf of Maine by
DeepCwind

Regional collaboration; assembly in port

MSP completion includes outreach/
education; lab-field research; TETHYS
database; permitting underway for pilot
projects

Quantify and monetize benefits;
Develop/test advanced materials,
components, and systems

13
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Resource Characterization Pacific Northwest
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» Wind resource based on extrapolating . .
neal’-ShOI’e W| nd mOdel Washington - 90 m Offshore Wind Speed

126° 125° 124° 123°
. Note diSCIaimer in mapS byAWSTruewlndaspaﬁofanor\srlors.vr-dndmp.;llrlg -

project. These data have been interpolated to 90 m and
extrapolated to 50 nautical miles by NREL.

gz A B
(= %

B Note unlikely features in zones
B Note unusual homogeneity over large
space

» Need calibrated

measurements of wind R
/ fields at 90-200m height N

» Reference Facility for
Offshore Energy in
Chesapeake Bay | ) R

//

] 48°

Wind Speed at 90 m
mis mph

11.5-120 257-26.8
11.0-115 246 -25.7
105-11.0 235-246
10.0-105 224-235
95-10.0 213-224
90- 95 201-21.3
85- 90 19.0-20.1
80- 85 17.9-19.0

Con 75- 80  168-17.9
tours 70- 75  157-168
—— Water Depth (Meters) 65- 70  145-157
___ Distance from Shore 60- 65  134-145

(Nautical Miles) 00- 60  00-134
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Floating Platforms

Principle Power

Buoyancy Stabilized Ballast Stabilized Mooring Line Stabilized
Barge with catenary Spar buoy with catenary Tension leg platform with
mooring lines mooring, drag-embedded suction pile anchors
anchors




Physical Challenges for Ports and >
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8 y = 0.0108x + 1.02
. R2=0.76473
» Offshore turbines are large, ’ .
heavy, and getting bigger ‘ ¢
B 15MW: 220 m diameter, 1,300 &’ —
tonnes ! =
B ~2.5x Airbus A380) ’ }.
S
1 T T T T
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12 y = 0.0004x + 0.0624
10 R? =0.83344 .
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16
Data from Wind Energy Market 2009, 4coffshore.com/windfarms database



Specialized Vessels & Ports
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Figure 27: Low Added Value - Installation Vessels 2015-2030 by Installation Date

» Construction — Ports s
B 8 ha laydown/preassembly 7

B 300m length pier with high load 8
capacity g m
B Access for 140 x 45 x 6m draft Y
vessels 5 -
B Overhead clearance of >100m ’

» Manufacture — Ports
B 500 ha for factory, storage

B Direct access to 500m length pier, high
load bearing

B Access to skilled workforce
» Vessels — Jones Act, no US vessels
B Cable laying
B Foundation installation
B Turbine installation
H O&M

B Export cables

W Array cables

W Foundation Installation
Turbine Installation

T T T T T T T T T T T T T T T 1
2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030

i I 17
Department of Energy and Climate Change (2009) UK Ports for the Offshore Wind Industry: Time to Act SeaJaCkS LGVlathan



Research to Resolve Uncertainties Pacific Northwest

Bird strike

’\\ Shoreline

Impacts to navigation, fishing,
— recreation, public access impacts
from cable

landing
N

Energy in Decreased energy

Ecological Effects of Wave Energy
Development in the Pacific Northwest

— T T

/f System-wide water

S—— Aggregation
A Scientific Workshop, October 11-12, 2007 = —increased \
= - AN Device EMF effects on LGRS N
predation / & changes to circulation
" o — = o \ fish and mammals

lade strike
Marine Ll bll

¢
____ p—
debris _P—-"

dal power
device
Energy in
Sediment

= scour

Sediment
scour

Nearshore
habitat

p impacts
J from cable
LN

Cable EMF effects
on fish and mammals

ecreased energy

Benthic impacts
from moorings

Receptor-specific effects table for fish and fisheries. KEY: L=low impact, M=medium

associated with the estimate, + positive effect Benthic impacts
Activity (agent or stressor) from cable
8% “ :
g |8 HEEIFARHEE , e
|9 | = . e 2 S| F .
S1E02 |, |38l [25)2 22|53 |42 Environmental Effects
2|8 |2 |2 |E2|2 |22|5 |52|2 |55 |2
5 s |E3| 2 S 5 5% | 8 5 .
22 |E |3 |53|2 58|28 |528|2|3|8|2 of Tidal Energy
Emplacement

Development

Proceedings of a Scientific Workshop

Mooring System
Electrical T: ission Infrastructure

Mooring System & benthic habitat (shell mounts)

Buoy or Other G ion Device March 22-25, 2010
Electrical T: ission Infrastructure(EMF)
Chemical Coatings Brian Polagye, Brie Van Cleve, Andrea Copping,
Wave and Current and Keith Kirkendall, editors
Acoustics

U5 Department of Commerce
Buoy or Device Removal ranic 2d 5 S
e ——— - - Nasiomal Marine Tahacies Service

NOAA Tecknical Memor mndum NMFS F/SPO-116

Anchor Removal or Decommissioning

Routine Maintenance
Vessel Trafhe Maiienanee Aciviies oo o[ o[ [o[ o [e[e[r[r]
* Doryteuthis opalescens (formerly Loligo opalescens) £ Ammodytes hexapterus
® Low vulnerability given our understanding of the current wave energy £ positive effect for adults, negative for juveniles
structures and technology E positive or negative effect, varies with species
September 17, . ©Sea-run rainbow trout, Oncorlynchus mykiss
4 Thunnus alalunga

¢ Ophiodon elongates
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Links to Information
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» Established by US
DOE - Tethys
database contains

B Global ocean
energy project
data

Environmental
effects reports
and information

Links to other
knowledge- and
databases
globally

JTETHYS

Log in / create account

[ Home | aBout - | TeTHys conent « | connections - | Broapcasts HELP ~

Tethys is a database and knowledge management
system that provides access to information and
research pertaining to the potential environmental
effects of marine and hydrokinetic (MHK) and offshore
wind development. Tethys also hosts data from
Annex IV, an international collaboration to gather
information on MHK environmental research
worldwide.

U.S. DEPARTMENT OF

7 ENERGY #

Tethys Home

The Envir Ki gt y (KMS) ( "Tethys” after the mythical Greek
titaness of the seas) supports the U.S. Department of Energy’s Wind and Water Power Program.

As industry, academia, and government seek to develop new renewable energy sources from moving water and offshore
wind, potential environmental effects must be evaluated and measured to ensure that aguatic and avian animals, habitats,

and ystem f are not ady ly affected, nor that important coastal and ocean uses are displaced.

Tethys seeks to gather, organize, and make available information on potential environmental effects of marine and
hydrokinetic and offshore wind energy development. Datasets, supporting documents, and other media are housed within
Tethys in support of the following programs:

Marine and Hydrokinetic (MHK) Energy Development:
MHK development is moving forward in U.S. and
international waters, with projects that include the following
devices:

.

Tidal turbines placed in coastal and estuarine
areas;

Riverine turbines in fast-moving rivers;

Wave energy converters in open coastal areas with
significant waves;

* Current turbines in the Gulf Stream; and

« Ocean Thermal Energy Converters in deep tropical
waters.

.

Please contact us if you would like to contribute any MHK
information or racearch to Tethve

http://mhk.pnnl.gov/wiki/index.php/Tethys Home

Search All Tethys

Featured Links:
Contributing to Tethys
Final Annex IV Report 2013
News and Current Events

Ocean Energy System - Annex IV Experts'
Workshop: 1

DOE MHK Webinar Series
Tidal Energy Workshop Report
Wave Energy Workshop Report

West Coast Environmental Protocols
Framework

FERC MHK Inter-agency Presentations 2013

Recently Added Documents:

The case for offshore wind farms,
artificial reefs and sustainable tourism

in tha Crannh maditarranasn
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Ancillary Benefits — In-State Transmission Pacific Northwest
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» Transmission across Cascades is
highly constrained ,
B Loading rate increasing ~2%!/yr

B High wind generation east of
Cascades

» Increased west-side generation can
potentially reduce need for new
transmission

Northwest to British Columbia

West of West of
ascades North Hatwal

Five-Year Winter
Base Case Conditions
Generation

Load

Transmission Capability
Transmission Loading
Path Definition

Path flow Direction

Nevada

To Northern To Southern
California California

ColumbiaGrid (2012) 2012 Update to the 2011 Biennial Transmission Expansion Pla



Ancillary Benefits — Alternative Transmission

to California
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» Proposed transmission for ocean renewables could alleviate summer

congestion to California market

To Edmonton Area

South
of Eugene
—

¢ o Ten-Year Summer
Base Case Conditions
Generation

Load

Transmission Capability
Transmission Loading
Path Definition

Path flow Direction

Northwest 10 British Columbia

To Canada

|

N

West of

Pacific DC Intertie

Alturas

Northwest

ColumbiaGrid (2012) 2012 Update to the 2011 Biennial Transmission Expansion Plan
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Alternative Markets
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» Principle Power’'s 30MW Coos Bay development’s preferred option is
based not on grid, but on gas

B Producing LNG (Jordan Cove export facility) to take advantage of

tremendous price differential between US and Asian markets, and high
cost of oil-based generation in HI

20
18 - Japan LNG (average)
16 - \
14 - German average
- 12 import price 4 ]
= X price
= differential
3 6 NBP spot (UK)
4 /
2 Henry Hub (US)
0 T T T T T T T T T
NI O @ @ 0O & & O OO ©O O O O v v v «— N N N N ™
O O O O O O OO0 OO v v v ¥ v v v v v v « v« «—
5858238358335 08883580385§833
nO=2"uvao=2"SCuva0o=2S"Sn0o2S"Sna02S°0n02

Bloomberg New Energy Finance (bnef.com/Presentations/download/132),
http://www.oregonwave.org/tag/principle-power/, http://boostsouthwestoregon.org/qa/
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Admiralty Inlet

o

Snohomish PUD tidal turbines, Puget Pacific Nofdue
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Snohomish Public Utility District proposes to deploy
two 6m OpenHydro grid-connected turbines

To be deployed in 55m water at mouth of Puget
Sound (Admiralty Inlet)

Only one moving part, permanent magnet, direct
drive generator. No lubricating oils or greases

Typical rotor speeds of 6-16 rpm, rotating ~70% of
the time.

Planning for 3-5 years of
turbine operation

Southbound
Shipping Channel

Northbound
Shipping Channel

e 0 wan s 400

Tidal Turbine
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Bottom Lines Pacific Northwest
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» Opportunities
B WA-produced power
® For WA energy customers and western US energy customers

B WA-produced technology and WA-produced capability
® For WA energy production and global energy production

» Challenges

B Higher costs of development within context of hydro-dominated market
® Early days for technology
® Early days for understanding environmental consequences and mitigation
® Early days for regulators and stakeholders

B Converting ancillary benefits into market price

24
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Thank you for your attention! W
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