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Agenda

• Project Overview
• Valuation Model
• Wind Resource Overview
• Generation Footprint Optimization
• Scenario Approach
• Scenario 1, 2, and 3 concepts
• Next Steps
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NOWRDC/BOEM OSW Integration Study
Study is poised to inform state and federal efforts along the CA/OR Outer Continental Shelf

An Offshore Wind Energy Development Strategy to 
Maximize Electrical System Benefits in Southern Oregon 
and Northern California
• January 2022-July 2023
• Optimization of generation footprints for system value 
• Evaluation of three conceptual transmission scenarios:

 Incremental land-based transmission upgrades
 New high voltage land-based transmission, or
 Offshore high voltage transmission

• Guided by POET1 industry groups
• NOT a transmission planning study

Severy, et. al (2020)

1 Pacific Ocean Energy Trust

Outcomes:
1. A system valuation methodology for concept prioritization
2. System dispatch and power flow simulations of three large-

scale transmission concepts
3. Identification of mechanisms to further optimize system value 
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Valuation Implementation Model
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Wind resource
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Wind speed-to-power conversion
 2 km x 2 km grid of Offshore NW Pacific and Offshore CA 

wind data (from Weather Research & Forecasting model)
 Power curve adapted from the NREL 15 MW turbine
 Apply 22% loss in actual wind generation 7% (wake) + 

15% (other) loss assumptions
 For ocean footprint: 

 Assume a power density of 5.5 MW/km^2 (~7 rotor diameter 
spacing streamwise + spanwise of V236-15.0MW)

 Scale the power curve to give power per 2 km x 2 km cell in water

Smoothed 
knee to match 
industry power 

curves

Addition of high 
wind operations 
tail

Extended scope to 
capture north end of 
Coos Bay call

Resample the curve 
for accurate table 
lookup
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Coos Bay

• 20 years of modeled hourly 
windspeeds at 140m hub height 

• First, converted wind from 2 km 
x 2 km grid to power production

• Then power data averaged 
geographically and then by year

• Representative year based on 
variance and power 2001

2000-2019 
Average Annual 
Hourly Variance 
(kw^2)

2001 Hourly 
Variance 
(kw^2)

2000-2019 Average 
Annual Power (kW)

2001 Power (kW)

3.397 x 10^7 3.424 x 10^7 8267 8304
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Coos Bay

Average NCF = 43%

Average Daily Production

Average Daily Production by Season
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Brookings

• Data averaged 
geographically, then by 
year

• Representative 
year2017

2000-2019 
Average 8760 
variance (kw^2)

2017 8760 
Variance 
(kw^2)

2000-2019 Average 
8760 Power (kW)

2017 8760 Power 
(kW)

3.576 x 10^7 3.581 x 10^7 9030 8955



10

Brookings

Average NCF = 47%

Average Daily Production

Average Daily Production by Season
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Humboldt

• Data averaged 
geographically, then by 
year

• Representative 
year2019

2000-2019 
Average 8760 
variance (kw^2)

2017 8760 
Variance 
(kw^2)

2000-2019 Average 
8760 Power (kW)

2017 8760 Power 
(kW)

3.866 x 10^7 3.819 x 10^7 8711 8723
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Humboldt

Average NCF = 45%

Average Daily Production

Average Daily Production by Season
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Generation Optimization
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Generation Footprint Optimization
Problem formulation

Given,
• A range of modeled hourly hub height wind 
speed profiles over an entire year (for 20 years)
• A power curve
• Various loss factors assigned to power 
production of each turbine
• Floating OSW power density (MW/km^2) 

Maximize,
• Value as a function of (normalized) energy + 
capacity

Subject to,
• Total installed capacity of 20 GW
• Geographic limits: south of Florence, OR and 
north of Eureka, CA
• Federal-state water boundary
• 1300m bathymetry contour

Define,
 Optimal Ocean Footprint 

Discretization of 
area of interest to 
return wind data

Area of interest with 
gridded location of wind 
data and Coos Bay and 
Brookings Call Areas 
and Humboldt Wind 
Energy Area
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Peak-load hours targeted for capacity value
 (Net) Load – Duration curve for PACW, BPA, CAISO, PGE, PSEI, SCL (WECC ADS 2030)

 Take the first 175 hours (2%)



Capacity: 
min(unserved_load) 
(GWh)

Energy: 
max(energy) 
(GWh)

Combined: 0.5*max(energy) 
+ 0.5*min(unserved_load) 
(GWh)

Forced North 20 GW 34,677 1,478,719 756,698

Forced South 20 GW 31,095 1,477,103 754,099

Optimal 20 GW

36,718 (+5.9%) 1,673,222 (+13.1%) 848,547 (+12.1%)
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Consideration of various objective functions

Opt20
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Opt20

• Data averaged 
geographically, then by 
year

• Representative 
year2016

2000-2019 
Average 8760 
variance (kwh^2)

2016 8760 
Variance 
(kwh^2)

2000-2019 Average 
8760 Energy (kWh)

2016 8760 
Energy (kWh)

3.137 x 10^7 3.164 x 10^7 9115 9144
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Opt20

Average NCF = 47%

Average Daily Production

Average Daily Production by Season
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Wind Resource

20 years of hourly windspeed data at 
140m hub height and 2 km x 2 km 
resolution

Coos Bay 
Call Area

Brookings 
Call Area

Humboldt 
Wind 

Energy 
Area

Opt20 
Area
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Power Production Trends

Coos Bay 
Call Area

Brookings 
Call Area

Humboldt 
Wind 

Energy 
Area

Opt20 
Area

Average Net Capacity Factor (NCF)
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Generation + Transmission Scenarios
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Scenario approach

• Seek to model 3 OSW generation + transmission scenarios over two future 
representations of generation mix and transmission in the Western 
Interconnection

• Start from transmission limits and anticipated curtailment to establish the max 
ceiling and locations for OSW power flows

• Resolve scenarios with power flow analysis 
• Convene stakeholders to validate or refute findings
• Then quantify power system impacts through valuation methodology
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Scenario 1 of 3: “Bottoms-up” 2030 Proposal

• Superior resource 
in Brookings, then 
Humboldt

• Superior 
transmission in 
Coos Bay

• Near zero 
transmission in 
Humboldt 

2

13
4

5

6

8

7

~1000 MW

~1000 MW

~1000 MW

TBD MW
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Summary of Power Flow Studies – Scenario 1
(Existing System with Minimal Upgrades)

• Test System WECC 2030 HS case

• PowerWorld ATC Tool to get shift 
factors to identify bottlenecks to 
integrate OSW to existing test case

• N-1 credible contingency on the 
base case (only single line outage) 

Component Description Approximate power 
flow capacity

0 -- EXISTING SYSTEM 
WECC 2030 HS case

0.85 GW
(0.37 Wendson;
0.48 Fairview)

1 Fairview-Alvey Fix impairments

1.11 GW
(0.57 Wendson;
0.54 Fairview)

2 Wendson-
Toledo Fix impairments

3 Fairview-
Reedsport Fix impairments

4 Reedsport-
Tahkenitch Fix impairments

5
Coos Bay Call 
Area to 
Dixonville

• Line SAMS VLLY 
to WHTSTNE: 
850 MW

• Line Canyvlle to 
Dyscrek 200 MW

1.92 GW
(0.57 Wendson;
0.54 Fairview;
0.81 Dixonville)

6 Coos Bay Call 
Area to Lane

• Fix transformer 
from LANE S1 to 
LANE  xfmr 1000 
MW 

• Fix ALVEY N to 
LANE S1 line to 
800 MW

• Fix LANE WILLOW 
ckt 300 MW

2.77 GW
(0.57 Wendson;
0.54 Fairview;
0.81 Dixonville;
0.85 Lane)

Next Steps
• Extend analysis with other 

contingencies and check N-2 
outages

• Run complete AC contingency 
analysis after making 
necessary impairment fixes 
and adding OSW to the 
identified buses.

• Consider Rogue to Fairview or 
Dixonville upgrades (7)

• Check the bottleneck around 
the Humboldt region (8)

• Moss  Landing, Diablo, and 
Tesla substations seem good 
injection points from the initial 
analysis

2

13
4

5

6

7

8
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“Case 3”— ADS 2030 + ~35 GW VRE
• WECC 2030 ADS – Total WECC installed capacity is ~270GW (all technologies) 

• In Case 3, we added 35 GW of new wind 
(3 GW OSW) and solar capacity in addition 
to 270GW of the WECC 2030 ADS
 9 of the 35 GW were installed in California

• In our Scenarios we use Case 3 as the 
starting case to add new OSW
 Create a realistic Case for the year 2030 

based on existing interconnection queues for 
the WECC system
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Scenario 2 & 3 Approach

• Retain bottoms-up strategy of scenario 1
• WECC ADS 2030 + Case 3
• Selection of high-potential inland buses
• ID where the system can absorb OSW 

without pushing curtailment beyond 20%
• Then verify with power flow studies
• Finally, design transmission that can deliver 

OSW to the buses of interest
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Case 3 + OSW: ADS 2030 + 53.7 GW VRE  
Location Power 

Injection 
(MW)

Nameplate 
(MW)

Curtailment (%)

Grays 
Harbor

1500 1923 15

Portland 2620 3359 20

Wendson 560 718 27

Lane 800 1026 22

Fairview 550 705 23

Dixonville 800 1026 26

San 
Francisco

1500 1923 2

Moss 
Landing

2340 3000 1

Diablo 
Canyon

3000 3846 0

Ormond 
Beach

1500 1923 0

San 
Onofre

2400 3077 0

17570 22526

Portland, 3.5 GW

SF, 1.9 GW 

Moss Landing, 3 GW

Diablo, 3.8 GW

Ormond Beach, 1.9 GW

Wendson, 0.7 GW `

Lane, 1 GW 

Fairview, 0.7 GW 

Dixonville, 1 GW 

San Onofre, 3.1 GW

Grays Harbor, 
1.9 GW`
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Case 3 + OSW: ADS 2030 + 64.6 GW VRE  
Location Power 

Injectio
n (MW)

Nameplate 
(MW)

Curtailment (%)

Grays Harbor 1500 1923 20

Portland 2250 2885 26

Wendson 560 718 30

Lane 800 1026 27

Fairview 550 705 29

Dixonville 800 1026 29

Tesla 1500 1923 7

San Francisco 3100 3974 7

Moss Landing 2200 2821 5

Diablo Canyon 5000 6410 4

Ormond 
Beach

3000 3846 7

San Onofre 4800 6154 0

26060 33410

Portland, 2.8 GW

SF, 3.9 GW 

Moss Landing, 2.8 GW

Diablo, 6.4 GW

Ormond Beach, 3.8 GW

Wendson, 0.7 GW `

Lane, 1 GW 

Fairview, 0.7 GW 

Dixonville, 1 GW 

San Onofre, 6.2 GW

Grays Harbor, 
1.9 GW`

Tesla, 1.9 GW 
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Case 3 + OSW: Inland VRE Curtailment
Location Power 

(MW)
Generation (MWh) Curtailment (%)

CIPB

Solar 19.5 25,085 48.0

Wind (land) 914 2,156,452 10.1

CIPV

Solar 5742 7,969,126 43.8

Wind (land) 3769 7,753,898 20.3

BPA

Solar 2225 4,969,723 2.1

Wind (land) 6170 19,180,523 3.7

PGE

Solar 0 0 0

Wind (land) 854 2,738,632 1.4

Portland, 2.8 GW

SF, 3.9 GW 

Moss Landing, 2.8 GW

Diablo, 6.4 GW

Ormond Beach, 3.8 GW

Wendson, 0.7 GW `

Lane, 1 GW 

Fairview, 0.7 GW 

Dixonville, 1 GW 

San Onofre, 6.2 GW

Grays Harbor, 
1.9 GW`

Tesla, 1.9 GW 
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Scenario 2 Proposal: +17 GW (20.8 GW OSW)

Location Power 
Injectio
n (MW)

Nameplate 
(MW)

Curtailment (%)

Grays Harbor 1500 1923 20

Portland 2250 2885 26

Wendson 560 718 30

Lane 800 1026 27

Fairview 550 705 29

Dixonville 800 1026 29

Tesla 1500 1923 7

San Francisco 3100 3974 7

Moss Landing 2200 2821 5

Diablo Canyon 3000 3846 0

16260 20846

From Scenario 1: Radials to So. Oregon, Humboldt (5.4 GW)
Shared land/sea radials to Portland, Grays Harbor (4.8 GW)
Shared land/sea radial to SF, Moss Landing (6.8 GW)

Portland, 2.8 GW

SF, 3.9 GW 

Moss Landing, 
2.8 GW

Wendson, 0.7 GW `

Lane, 1 GW 

Fairview, 0.7 GW 

Dixonville, 1 GW 

Grays Harbor, 
1.9 GW`

Tesla, 1.9 GW 

Diablo, 3.8 GW
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Scenario 3 Proposal +17 GW (20.8 GW OSW)

Location Power 
Injectio
n (MW)

Nameplate 
(MW)

Curtailment (%)

Grays Harbor 1500 1923 20

Portland 2250 2885 26

Wendson 560 718 30

Lane 800 1026 27

Fairview 550 705 29

Dixonville 800 1026 29

Tesla 1500 1923 7

San Francisco 3100 3974 7

Moss Landing 2200 2821 5

Diablo Canyon 3000 3846 0

16260 20846

Mesh linking all radials from scenario 2
Increased MVA capacity at SF, Portland landings and links to 
500 kV lines to yield additional reliability & resilience benefits

Portland, 2.8 GW

SF, 3.9 GW 

Moss Landing, 
2.8 GW

Wendson, 0.7 GW `

Lane, 1 GW 

Fairview, 0.7 GW 

Dixonville, 1 GW 

Grays Harbor, 
1.9 GW`

Tesla, 1.9 GW 

Diablo, 3.8 GW
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General Feedback

travis.douville@pnnl.gov
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Next Steps

• Incorporate feedback into scenario definition
• Finish Scenario 1 power flow checks, add step 7 (Rogue to Fairview, 

Dixonville, or Lane), add step 8 (Humboldt transmission)
• Refine scenarios 2 and 3 concepts through additional production cost 

modeling (adjusting generation options, minimizing curtailment, etc.)
• Run power flow checks on proposed scenarios 2 and 3
• Design transmission concepts to support delivery of power to busses 

indicated in scenarios 2 and 3 (add to both power flow and PCM cases) 
• Run PCM, power flow, and other analyses to support valuation



Thank you
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