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As the third annual CU wind team, we are competing in the Collegiate Wind Competition
(CWC) hosted by the National Renewable Energy Lab (NREL) in Boulder from May 15 — 19,
2023. Thirteen teams will design a small-scale offshore wind turbine that abides by varlous

Mechanical Brake Shaft Coupler
design constraints as one of the three sub-competitions.

Design Objectives

» Convert kinetic energy from wind into electrical energy
» Withstand continuous wind speeds of 22 m/s
» Abide to various design constraints set by the CWC

Nacelle Cover

Splined Shaft

Generator

Competition Wind Tunnel Diagram

CONLrols

Turntable Pitching Actuators
State 1: State 2: State 3: State 4: State 5:
<5m/s 5m/sto 11 m/s 11 m/s to 14 m/s >14 m/s Emergency Stop | ROLOK
a N N oen ot o a N N 3
beelif/)vrg g resc?i:gd Manage rotor speed SHony el Cloii R I PltChlng SyStem
Encourage rotor to Maximize the power | 5 3 0 stg within spafe below a specified Blade
begin spinning output of the turbine value and keep y > RPM value at any Objective: :
POET QUL Sl operational fimits time Allow for active control of produced power Bushing
to a specified value ’
\ AN AN AN AN / « Achieve negative pitch to allow for emergency stop
5 ’ , How it works:
FOWercurve  Swash plate design
. State 1 State 2 State 3 State 4 State 5 « Translate linearly with sides having independent Hub
1 | | | E | 1 | 1 | ,’E | I i 1 1 1 1 1 | 1 ! L ' I ! ! rotation

ol I | -“Eﬁii!“”: * Linear actuators control translation
< 50 i - « Push rods rotate the blade bushing about the hub
= 40 | : Blades
O |
g 30 : . Objective: SwaSh Plate
0 50 | i « Maximize power output

. E | « Maximize lift and minimize drag forces Blade

2 How it works:
- N Y Y 0 o 4 e s 10 5 14 16 18 a0 . Rif][e.rlerr:ce ri]r_1 iircpreféure actross blade causes it to rotate
Wind Speed (m/s) Time (s) * AIMoI has nig Lt /“Drag FAUO
« Qblade optimizes chord length and angle of twist |
« Made from Nylon 12 on SLS printer /

Height Adjustment
Objective:

« Allow for foundation to fit
under wind tunnel

* Rotor at center of wind tunnel

How it works:

« (Concentric steel insert with 3
threaded holes and 5 different
configurations allows for a total Diagram of Foundation Installation Constraints
of 31.8 mm of adjustment

Foundation
Air and Water Objective:
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1. 3-Phase Rectifier — Convert 3-phase AC power . Current & Voltage Sensor — Measure power Air and Water

into DG power . 2. Opto-lsolators (Digital & Analog) - Isolate + Support the weight of the wind turbine in a “seabed” environment,
2. LC Filter — Smooth out voltage and current ripple 5V signals from 3.3V inputs hile k na horizontal deflection to | than 25
3. E-stop Solid State Relays — Switch for each 3. Microcontroller — Process control state code and ,W e Keeping horizontal defiection 1o less than mm

phase of generator signal inputs from various components How it works:
4. SEPIC — Regulate voltage 4. Resistive Load and Heat-Sink — Operate « Suction Bucket Foundation, once sealed, a pressure differential
5. Anemometer — Collect wind speed data MOSFET in ohmic region keeps the foundation in place
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- U.S. DOI anno_unced goal of 30 GW of offshore wind energy by 2030 Impact Areas Mitigation Actions Goals: Variables:
e Annual prOjeC’ted average of 58,000 workers from 2023-2030 Avian Specles Take Paint one blade on turbine black, use of Aircraft e Maximize Capac”:y factor e Crosswind spacing: 4D, 5D, 6D
 Current capacity = 42 MW (7 total turbines) Detection Lighting System on turbines » Maximize use of leasing blocks + Downwind spacing: 10D, 11D
+ Larger-scale projects planned for MA, NY, NJ, VA by 2025 Construction Disturbance to Marine |Slow start of construction — wildlife will return after  Minimize installation costs * @Grid angle: 0-90 degrees
Electromagnetic Sensitive Species |Bury transmission cables at 2 m depth
Onshore Communities No action — negligible visual and sound impacts
Location: Southern coast of Louisiana Reef Fish Stressed Area Formation of _art|f|C|aI reefs around foundations and
scour protection 5
Wind Resource: Relevant Regulations Compliance Actions
Average Wind Speed: 6.4 m/s S —————m—> E
Average Wind Direction: 135° (SE) Bald and Golden Eagle Protection Act Sglrov?/ceor neidental faxe Fermit With TS e y =
. : Conduct pre-construction surveying, prepare
Bathymetry' Endangered Species Act Biological Assessment | .
Max Depth: 25 m Layout Spacing
Wind Rose Magnuson-Stevens Act Complete Essential Fish Habitat Assessment
Marine Mammal Protection Act Apply for Incidental Harassment Authorization
Migratory Bird Treaty Act Apply for Incidental Take Permit with Fish Wildlife —a

Service

Prepare range of alternatives to ensure impacts to TOtaI CapaCity: 380 MW

National Environmental Policy Act |fishing and marine trust resources are fully
considered, community outreach

Selected Lease Blocks

4+ O8G Platform Net Annual Energy | 995 MWh
PRy s o O8G Well -
b WSl @ Deepwater Port : : Capacity Factor 32.8%
1% 7R ® Substations NOmlnal POWGr SeleCthn Wake LOSS 5 559,
Port * Initially sought larger, 15 MW turbines to maximize power output :
. Pipeline « Significant capacity factor losses due to low wind speeds, Spacing 6D x 11D
Shipping Fairways lower pr_ofit | Angle 68°
Active ORG Lease Sites * 10 MW turbines found a balance between capacity factor and # of Turbines 38
» . . profit
Military Special Use Airspace

; * Need similar specifications to NREL IEA 10MW retference turbine

Siemens Gamesa 10.0-193 DD |

* Nominal Power Rating: 10.0 MW
* Rotor Diameter: 193 m
» Estimated Lifespan: 25 years

Goals:
* Minimize power transmission losses

. | l Available Lease Blocks . . .
|  Reliable and cost-effective collection

/] K A ] Selectc?d L§ase B'QCkS » Power Regulation: Pitch-regulated, system
> \-X / : o e < Q ' Essential Fish Habitat variable Speed . .
b . 5 F8 . c. | [ Habitats of Particular Transmission:
Wi 2 |, tix Eonfcirnh . - Twisted Jacket Foundation « HVAC (High Voltage Alternating Current)
| | B eef Fish Stresse ea e Gj i '

\ I 7Y DAL o [ ] Cetace'an Bicr)logicallyr * Max Depth:60 m S(I)Tgceti:)er:lémsgm eingie nub
'\WM Bvizan: #_ 7 il Important Area » Lowest impacts to habitat loss, wake effect, 56 km of 32y0 V transmission line
W = wp i m g e Deep Sea Coral Habitat acoustic effect

Aoy P! | AN Suitability » Artificial reef addition Substation:

| - ' Qj”, - ® Artificial Reef « Widely used in Gulf of Mexico for O&G . Chauvin Substation
| b o f Historic Tropical Storm » Can withstand hurricane-strength winds . 260 kV export transmission
- @ Tracks
P %

e tunaauist Danie
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Q3 Q4 | Q1 1 Q2 1 Q3 | Q4 Q1 | Q2 1 Q3 | Q4 Q1 | Q2 1 Q3 | Q4 Q1 1 Q2 Q3 | Q4 Q1 1 Q2 | Q3 Q4 1 Q1 | Q2 | Q3| Q4 Q1 | Q2 Q3| Q4 Q1| Q2| Q3| Q4 Q1 | Q2 | Q3 | Q4
Community Outreach Onshore Duct Bank and Export Cable
Publish Leasing Notices Onshore Substation Commissioning & Test
Pre-Survey BOEM Environmental and Offshore Export Cables
Meetings/Plan Tech Review Installation Wind Farm Lifetime
Site Assessment and Surveys Scour Protection (25 Years)
FOlchSjt;:ilons Turbine Installation
Pre-Construction Construction Wind Farm Duration ESP Install &
*Decommissioning not pictured Commissioning

Site Assessment and Sur_veying_ Campaign Community Outreach Plan Financing Options Incentives
' ]f\CC”,rate wind data collection is essentialto the winc * A community outreach task force will meet with . Partnership Flip with Debt Inflation Reduction Act (IRA) 2022 — PTC or ITC
arm 5 SUccess local community members to educate citizens Partnership Flip without Debt Production Tax Credit (PTC) - 2.6
. . . . - 2.6 ¢/kWh
+ Floating LIDARs campaign will be executed over two and local entities about the benefits * Single prner pWith Debt * Investment Tax Cred(it (ITC)2) — 30% federal tax credit
years of renewable energy

* Environmental and
geotechnical surveys will be
done using O&G vessels
equipped with sensors

* Allows community members to ask questions
and express their views on the wind farm's Power Purchase Agreement (PPA) 3 entergy Capital Costs

potential impacts.

Capital Reserves

"Break-Even” Including Bid
9.69 ¢/kWh 8.70 ¢/kWh
Staging of Components: | | IRR 5.29% IRR 5.47%
+  Port Fourchon - Heavy duty wharf, large lay-down areas, overall e S T % <5 NPV $0 NPV $11 million Balance of
ability to improve facilities L COE $95/MWh LCOE $84/MWh System
Active Construqtion: Net Capital Cost: Net Capital Cost:
) W?f\? '?—'z[e(c:y’grr?jzlcl:ell(nce $2.2 billion $1.8 billion Utilizing NREL's System Advisory Model
. V: | | (SAM)
* Additional Vessels: Surveying vessels (environmental, | Electricity Prices in Louisiana Compared to the National Average
geophysical, geotechnical) and cable laying vessels (contract with
Royal IHC) 14.00
. ] 12.00
Ongoing Maintenance: — 1000 874 Bid Proposal:
» Vessels: Personnel Transport Vessels (PTVs) and Service = > 11
Operation Vehicles (SOVs) S o $30 million
. g2 °% $1,000/acre
Decommissioning: 4.00 $79/kW
« Occurs at the end of the 25-yr project lifetime ) 00
« Two main end-of-life options: Repower or Decommission
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2035

« Estimated possible salvage value of $40,000/MW
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Data from EIA.gov
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