© HAPPY VALLEY

ENERGY CORPORATION

The Pennsylvania State University

Port Fourchon Offshore Wind Project
Project Development Report

Katherine Bowser | Project Development Co-Lead | kib5488@psu.edu
Maddison Brant | Project Development Co-Lead | mkb5967@psu.edu
Kyle Cronin | Offshore Environmental Specialist | kjc6167@psu.edu

Mufaddal Gheewala | Preliminary Site Design Specialist | mfg5555@psu.edu
Mark Goggin | Construction and Installation Specialist | mfg5633@psu.edu
Ryan Manning |Site Optimization Specialist | tm5349@psu.edu
Samuel Marshall | Financial Analysis Specialist | spm6719@psu.edu
Sethuram Senthil Kumar | Wind Resource and Siting Specialist | sms7811@psu.edu
Conner Patton | Transmission/ Interconnection Specialist | clpS620@psu.edu
Eliana Abir | Wind Resource and Siting Specialist | eza5307@psu.edu
Alejandro Pardinas, Jr. | Preliminary Site Design Specialist | akp5553@psu.edu

Strategic Advisor: Dr. Susan Stewart | Penn State Aerospace Engineering | sjw147@psu.edu

"

File:Barrow Offshore wind turbines NR.jpg" by Andy Dingley, edit Muhammad is
licensed under CC BY-SA 3.0.



https://commons.wikimedia.org/w/index.php?curid=24119638
https://commons.wikimedia.org/wiki/User:Andy_Dingley
https://creativecommons.org/licenses/by-sa/3.0/?ref=openverse

Contents

CONEENTS .ttt e e e s e s e e s a e e e s eaae e s snes 1
1.0 EXOCULIVE SUMMAIY ceiiiiiiiiiiiiiiiiiiieeeeeeeee ettt ettt et e e et ettt e e e e e e e e e e et e e eeeeeeseeeeeeeeesasesssasasssesssnssssssssssssssssssssssssssnns 2
2.0 Site Description and Energy EStimation .......ccuvieeiiiiiiiiiiieiee ettt e e eetrrre e e e e e e e sarareeee e e eean 2
B Y (=)= [<Tot o P OO P RO PP PRTRTOURTOPRIN 2
2.2 Environmental Impacts and MitiZation ........cccuviiiiiiiiiiicec e 3

Y oJTol =Ty ) 0] g ol =T o RS 3

[ 1Y oTo) (oo ] o 1= T T T P 3
MITIZATION IMIEASUIES ...ttt ettt ettt e e e e ettt e e e e e sttt e e e e e e s s aabbbeeeeessasannbbaaeeeessenannsraaaeeeennn 3

2.3 WiNd RESOUICE ASSESSMENT ....veierurieitiieiiteestee sttt e siteesteesbeeesueeesbeesabeeesneeesabeesneeessseesnreesrenesnneesaneens 4
N W[ o 11 1= W =Tel o a o] T =4V AU 6
PR Do = Y1 1=Te l =Y TV | USSP 6
TransSMISSION INTEEIATION c.ccviiiiiiiiiiiiiiiiii e e e e e e e e e e e e e s e seseseseeeeesssesnsassssnnnnnns 7

2.0 INFIASTIUCTUE ettt ettt ettt e s bt e e s ab e e s abeesabeesbbeesabeesabeeessbeesabeesneeesaseenns 7
ACCESS TO POITS ittt e e s a e e e e s s nree 7
Survey, Installation, and Operations and Maintenance VESSeIS......cccveviciviieeeeeiicciiiieeee e eeccieeee e 7

2.7 RISK ANGIYSIS 1eeiiutiiieeiiiieeecit ettt e ettt e e ettt e e e et e e e et e e e esabeee e abaaeeessaeeeasstaeeeanssaeeeanssaeeeanstneeennseeeeansens 8
Weather REIATEA RISKS .....ccoviiiiiieiiie ittt ettt ettt bt e e st e e sbe e e sabe e sabeesbaeesaseesaseenas 8
1= T A4 o o LTRSS 9

3.0 FINANCIAI ANGIYSIS 1rvveeeeeieeiiiieeee ettt e e e e et e e e e e e e e s aate e e e e e e e ssabtaaeeaeaeeesnsrasaeeeasseannnsraseaaaaaan 9
3.1 Capital EXpenditures (CAPEX) ...ccuueeeiiiieeeeeiiee ettt ettt e ettt e e tee e e et e e e e ate e e e e aar e e e e eabteeeesnbaeeeenranesennees 9
3.2 Annual Operational EXpenditures (OPEX) .....ccccuveeiiciieeiiiiieeciiieeeeitteeeeeireeeesteeesseneeeeeeraaeessaraneesnes 10
3.3 SUPPIY Chain ANAIYSIS...cciiceieee it eae e e et e e e s te e e e s beee e esnbaeeeentaeeennsees 10
I o [Tl g Y- o =Y o PRSP 11
3.5 Key ASSUMPLIONS & INCENTIVES .....ieieieeeeecccce e nane s enesasasesesennnnnnnes 12
INCENTIVES . ittt e s s e e e s b e e s ra e s s e e s 12
TAXES & RALEES .ttt bbbt e s s ne e saneesans 12

3.6 MArket CONAILIONS ...c..eeriiiiieiieee ettt ettt st sttt et e e b e sb e s seesmeesmees 12
4.0 OPTiMIZATiON PrOCESS .oeiiiiiiiiiiiiiiteete ettt e e e e ettt e e e e s s ssabbe et e e e s e sas bt bteeeeesssssrbaaaeeeessasassreaaeeessssssnsssaees 13
I O U ot i o T T 2] o [P PRPUTO USRS 15
REFEIEINCES ...ttt h e b e s bt e a et et et e e bt e bt e b e e bt e bt e sbe e shtesaeesabesabe e beebe e beereas i



1.0 Executive Summary

The Happy Valley Energy Corporation (HVEC) presents this proposal for a 308.0 MW wind farm located
off the coast of Port Fourchon, Louisiana under the name Port Fourchon Offshore Wind Project (PFOWP)
consisting of 14 x 22 MW wind turbines. Upon analyzing the region’s wind resource, environmental
conditions, and competing uses, a site was selected approximately 13 km from shore. Site development and
research for this project was conducted using both the Jobs and Economic development Impact model
(JEDI) and the System Advisory Model (SAM). HVEC plans to sell the power generated by the project at
an initial PPA price of $84.5/MWh to the utility Entergy to support the growth of their Shore Power
program. The project would average an annual energy production of 1,009,242.6 MWh at a capacity factor
of 37.4%.

2.0 Site Description and Energy Estimation

The lease block auction area off the southern coast of Louisiana was previously considered' resulting in
selection of lease blocks 34 & 35, as shown in Figure 1. Factors which went into the selection of this site
include the relatively uniform wind speeds in the region, proximity to a grid interconnection point as well
as avoidance of other competing uses of the Gulf, including oil & gas infrastructure as well as vessel traffic
and environmental considerations. As a result, HVEC plans to develop the two lease blocks (totaling 10,000
acres) to host a 308 MW wind project. The site selection, environmental impacts, wind resource assessment,
selected turbine type and the overall detailed layout and energy production estimates of the 14 turbines is
described in detail in the

following sections. \

2.1 Site Selection

Lease blocks 34 and 35 are
located approximately 13.22 km
to shore, with another 4 km to
the closest interconnection point
at the Leeville Entergy
substation. Impacts to shipping
lanes, reefs, archeological
resources and boat traffic are
minimal in the selected blocks.
There is only one shipwreck and
no coral reefs or specific
environmental concerns in these
blocks so transportation and
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not' affect the surrounding Figure 1: Lease blocks 34 and 35 with proximity of land
environment. Block 36 was not

selected due to gas pipelines running through the area as well as increased vessel traffic.

As shown in Figure 1, there are many activities occurring in the Gulf of Mexico such as fishing, oil and gas
extraction, shipping, and vessel traffic, so ensuring that the wind farm does not interfere with such activities
is crucial. Fishing occurs in moderate density near the site, seeing counts as high as 34 transits per year in
the NW and SE corners of the combined blocks.? The final layout of the project should help mitigate impacts
fishing in these regions. There are a few abandoned pipelines in the area, so care should be taken in laying
cable to shore as there may be places where the electric cable would need to cross these pipelines. Vessel
transit counts are quite dense overall in the region around Port Fourchon, shown as blue (less) to yellow/red
(more) lines in Figure 1. The blocks selected had very low transit counts for cargo ships, and recreation
vessels and minimal tug and toe vessel traffic, ensuring wind farm development should not obstruct these
activities.” Only one shipwrecks is located in the lease block area (on the right side of block 35) and zero
oil/gas platforms, meaning that construction should not be hindered by those obstacles.” There is also one



abandoned oil/gas borehole in block 34, as well as an abandoned pipeline in the Eastern edge. Fortunately,
selecting a location in lower vessel density allows for optimal wind farm function as well as preventing
interference with vessel routes.’

2.2 Environmental Impacts and Mitigation
Species of Concern

Based on the Marine Cadastre’ maps and NOAA,’® there are several species to be aware of in the region.
Leatherback sea turtles and loggerheads are listed as vulnerable.* Their habitat range lies mostly outside
the leasing blocks of interest.>* Although the likelihood is exceptionally low, there is still a possibility for
at least a few turtles to migrate near the site. Green sea turtles and Kemp Ridley’s Turtles are species of
concern, as both are listed as endangered and their habitat consists of inshore and nearshore waters in
temperate and tropical regions, falling in the leasing blocks.®® The turtle’s tendency to stay near coast for
reproduction raises the likelihood that the sea turtle population could be high around or near the selected
wind farm location.” Whale species also migrate through the Gulf of Mexico, although not to the same
degree as other aquatic species, such as turtles. Blue Whales, Fin Whales, Sei Whales, and Sperm Whales
tend to live in deep, offshore waters in the open ocean and are not a major concern in the area.'®"* Likewise,
the habitat range of coral reefs does not extend to the Northern coastlines in the Gulf, meaning no
interference should occur.'® Protected areas near the tip of southern Louisiana include two refuge islands:
Queen Bess Island and Elmers Island." The two protected areas will not be impacted by the transportation
of the turbines because there are miles that separate both the wind farm location and the islands.

Hypoxic Zone

The Gulf of Mexico, specifically the area of interest, falls within the hypoxic zone where the ocean water
has reduced oxygen levels and few organisms on the sea floor can survive. The hypoxic, “dead,” zone
develops off the Texas-Louisiana shelf during the warm summer months.'® Nutrient-laden freshwater from
the Mississippi river flows into nearly 7,000 square miles of the Gulf of Mexico.'® Dead plant material falls
from the surface of the river to deep water columns of the Gulf.'® Bacteria consume the material using
oxygen, meaning that no oxygen is left in the affected area. Fish and marine mammals can swim away from
the oxygen lacking area with ease, but weaker organisms are affected and die because they are unable to
migrate away from the area. Louisiana and other states along the Mississippi River path are trying to reduce
the hypoxic zone by utilizing river diversions, which are restoration projects to sustain coastal wetlands).'®

Mitigation Measures

Off the shores of the Louisiana coastline, the Greater Lafourche Port Commission and the Barataria-
Terrebonne National Estuary Program use dredged materials to construct a 6,000-foot ridge that protects
the shoreline and communities from surges and erosion.'”'® This project also restored critical marsh and
chenier ridge habitats, which are especially important for over 338 species of migrating birds.'®
Additionally, the Estuary Program provides vital lessons in plant propagation for restoring these habitats,
constructing techniques, and planting and soil chemistry methodologies.'” Similarly, Port Fourchon’s
Northern Expansion Project developed port property while enhancing the environment, creating an acre of
new marsh for every acre of wetland impacted.'” This project transformed open water into productive marsh
habitats. Moreover, the Fourchon Beach Repair Projects successfully prevented beach erosion via regularly
re-nourishing, repairing, and rebuilding to maintain and strengthen the coastline.'” Any of these projects
could be employed with the construction of the offshore wind farm, but the most effective might be the
construction of a maritime forest ridge. By using dredged materials to create chenier ridges, we can
transform material commonly seen as a waste product into ecosystems that shield wind from the full impacts
of waves and storms. As an indirect benefit, coastal ecosystems and communities would also be protected
by these ridges, preventing erosion and flooding damage.

In terms of direct mitigation measures of wind turbines themselves, a significant environmental concern is
noise pollution."” Wind farm construction creates the most underwater noise in terms of the wind farm
development process. Such noise can cause non-auditory injury, hearing loss, auditory masking, and
behavioral disturbance in marine organisms. Injury-causing noise levels are more common at close range



to turbine construction, as seen in Figure 2.'” Behavioral altering noise levels effects extend significantly
beyond the construction site location. '’

To help prevent noise pollution from harming aquatic life, several mitigation measures can be taken.'*?

Passive acoustic monitoring can be used to assess the frequency and distribution of marine life near wind
farms, which can help understand potential impacts of sound intensity. Visual surveys, animal tagging, and
aerial surveys can also be used to collect data and better analyze the density and movement of different
organisms.'*%
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technique would be to
soft start, or gradually
ramp up the pile driving
energy to help avoid damage to marine organisms.'® Furthermore, using time-of-year restrictions would
limit pile driver activity to only certain times of the year where marine life is less likely to be near the
construction location." Lastly, employing trained protected species observers, who maintain exclusion
areas for certain species, can protect these organisms and demand a cease to pile driving activity when the
species comes near the construction zone.'’?° Using a combination of these methods would be the best
recommendation to reduce the noise pollution wind farm construction would produce, helping to protect
marine life from behavior-altering or injury-causing noise.

Figure 2: Diagram showing the zones of noise levels by increasing distance
from the noise source."

2.3 Wind Resource Assessment

The region of interest is in the Gulf of Mexico off the southern coast of Louisiana. It was found from the
Global Wind Atlas,> that the average annual wind speed at various points across the available lease blocks
range from 7.11 to 7.14 m/s at a height of 150 m. This is a relatively consistent wind resource, contrasting
the more 7-10 m/s wind resource gradient found off the East and West coasts of the US. Three locations
were analyzed before selecting the final wind farm site for its proximity to the coast and transmission
infrastructure, as described previously. Wind speed and wind direction data were downloaded from the
Wind Toolkit?, providing detailed wind characteristics. Figure 3 shows a 12x24 chart of monthly and
diurnal mean wind speeds for the project location at an elevation of 200 m. Figure 4 provides seasonal mean
wind speeds by direction, while Figure 5 shows both the wind directional frequency rose as well as the
percent of total energy from each direction at 200 m. There is considerable variation in both the wind
direction and wind speeds across the seasons, thus it was essential to conduct wind turbine placement
optimization, which will be described later in this report.

Since the wind power in this region is lower than other parts of the country, and wind speeds in the
atmospheric boundary layer increase with elevation, it is desirable to use taller towers to tap into the higher
wind speed potential aloft. Thus, hub heights of 180 m and 200 m were considered for this project.
Minimum clearance (22 to 28 m) would be required, which will be discussed in the next section. A long-
term wind resource analysis was also conducted for the site to investigate potential extreme conditions that
may impact turbine selection. MERRA2* data from 1985 to 2022 was downloaded within Windographer®*
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Figure 3: Mean Wind Speeds Over a Year Against Diurnal Variation at 200 m

Versus Plot: April-June

Figure 4: Seasonal Mean Wind Speeds by Direction, a)

January — March, b) April — May, c) June — September, d)

October — December.

for a coordinate nearby; 29.00N 90.00W. The data that was downloaded from MERRA?2 was at a hub height
of 50 m, which was then extrapolated using a power law to get data for 180 m. The extrapolated MERRA?2
data was then correlated with the on-site Wind Toolkit data at 180 m with a coefficient of determination of
99.2%. A linearized cumulative distribution function was also created to determine the annual extreme wind
speed values from 1985 to 2022 for the chosen lease block area. This analysis indicates that the 50-yr
extreme wind speed (V) for this site at an elevation of 200 m is 38 m/s which is less than the V., values
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Figure 5: Wind Directional Rose
at 160 m.



for the turbines evaluated. Since the wind power in this region is lower than other parts of the country, and
wind speeds in the atmospheric boundary layer increase with elevation, it is desirable to use taller towers
to tap into the higher wind speed potential aloft.

2.4 Turbine Technology

HVEC is projecting final construction to initiate in 2031, with 14 turbines total split across the two lease
blocks. The offshore wind farm has an 8-year development timeline, which kicks off in 2023. The turbine
technology that the team analyzed included 15 MW and 22 MW machines, representing state of the art
technology of today as well as proposed future turbine technology. Specifically, the team evaluated the
Vestas V236-15MW? and the IEA Reference 22 MW?® machine which has a 280 m rotor diameter. It
should be noted that there are no 20 MW+ scale turbines officially on the market yet, however projects in
the 2030+ horizon are planning on using this scale of turbine for their designs.”” The IEA 22 MW reference
turbine is still under development by IEA Task 37 (including design teams at DTU and NREL), but was
used as a model for scaling purposes.

A key factor in considering the 15 MW Vestas Turbine design was the availability of performance
specifications from an industry professional®®. The Vestas turbines also include a recyclable blade design
and it is offered with an IEC 61400-3 class T **(Typhoon) option, which rates it for use in 50-year return,
10 min-averaged, max wind speeds (V) of 57 m/s, which would survive a strong category 3 hurricane.”
Recall from the previous section that the site V,.r was determined to be 38 m/s. It is anticipated that the 22
MW turbine would also be available with this T rating. The power curves for both machines cut in at 3 m/s
and cut out at 30 m/s, while ramping down from the max rated power starting at 23.5 m/s. Ultimately, the
22 MW machine was chosen for the PFOWP as it provided a considerably increased capacity factor for the
project, which led to the best financial performance as well.

The wind farm foundation selection is based on bathymetry and geotechnical details. The depth of the water
in the region selected is approximately 18-25 m. Generally, the technological options for this depth of water
include monopile, gravity base, tripod, and jacket foundations. The cheapest option for a 20 m depth would
be a monopile foundation, however it has been found that the seafloor is generally soft in this region and
thus a twisted jacket foundation is recommended, which is also commonly used by the existing local oil
and gas industry to mitigate threats from hurricane damages.*® Using a twisted jacket as the foundation for
the FPOWP will lower
CapEx costs, which will be
discussed further in the
financial ~ section.’®  The
twisted jacket design allows
for a more stable and secure
connection to the seafloor
when facing high hurricane
windspeeds.

2.5 Detailed Layout

An optimization procedure
was used to develop the final
detailed layout in the two
lease block region. This
procedure is described in
detail in Section 4.0. In the

optimized layout, the two TP e e i e
lease blocks are designed to Figure 6: Radial distribution system and interconnection route to
have a total of 14. 22 MW shore. Each of the 14 orange dots is a 22 MW wind turbine, with four
wind turbines using a radial strings of turbines, each connected to the substation for onshore
delivery system for grid delivery.



interconnection. The radial structure uses an offshore substation to collect all the wires transporting energy
into a concentrated point, then one cable is used to transport the accumulated energy to the onshore
substation. Figure 6 shows the design for the detailed turbine layout within the lease blocks. The substation
is placed at the top and in between the two lease blocks so that it is both close to shore as well as centrally
located to each turbine. The wires that are connecting the turbines to the substation are XLPE 185mm
66kV*? with a max capacity of 90 MVA, thus each string will be limited to no more than four turbines, or
88 MW. At the most conservative orientation, there is a minimum of 3D of spacing between each turbine,
while considering the predominant wind direction from the southeast, the spacing is approximately 7D
between rows (at least 1960 m for a 22 MW turbine).

Transmission Integration

The closest point to shore from the PFOWP is approximately 14 km from the northwest corner of block 35.
To minimize transmission cable length, and minimize interactions with obstacles, such as the many
pipelines and oil & gas platforms in the area, the cabling path to shore shown in Figure 6 was chosen,
totaling 17.55 km. The project will utilize undersea HVAC cables, most likely two XLPE 500mm 132kV
lines,*® requiring a step-up transformer at the offshore-substation. This HVAC cabling will run from the
offshore substation to shore, following along the same pathway as existing oil/gas pipeline and transmission
lines where possible. From there, cabling will run 4.13 km on shore and connect to the Entergy Substation
in Leeville, shown as a red line in the top left of Figure 6. This sits within Port Fourchon and is composed
of a 21-mile, 115 kV transmission line running from Golden Meadows to this substation in Leeville. This
line was recently upgraded to withstand 150 mph winds and it is designed to 230 kV standards. Using the
nearest substation in the context of this project is imperative, as the capital costs associated with the
purchase and installation of HVAC cables are very high.

2.6 Infrastructure

Access to Ports

There are considerations necessary for the location of staging and construction of an offshore windfarm.
Seaports are required with infrastructure equipped to construct, assemble, and transport various components
and materials to and from the offshore site. This includes heavy-duty wharves equipped to withstand the
weight of heavy turbine components, manufacturing facilities nearby to ensure effective transportation of
parts and assembly and lay-down areas large enough to stage and assemble components such as nacelles
and turbine blades.**

For the offshore region under consideration, the most logical option for a construction and staging port
would be the deep-water port of New Orleans. With 13,511 feet of berthing space available and six
breakbulk terminals suitable for heavy lift and project cargo, New Orleans is suited to handle the
requirements needed to facilitate the construction and assembly of an offshore wind farm.** More
importantly, it has water depths of up to 50 feet, which is deep enough to allow for any installation vessel
to have access to the port. This coupled with nearby manufacturing infrastructure and ample room for
staging and assembling large components such as nacelles, makes New Orleans a clear choice.

Since southern Louisiana is a hub for natural gas and oil production, the smaller ports in the area are prime
for the selection of a maintenance port. The most important characteristic for a maintenance port is
proximity to the site to ensure a rapid response for operation purposes. As a result, Port Fourchon was
selected as a maintenance port. Its proximity combined with its already significant industry traffic due to
offshore oil and natural gas platforms in the region make it a logical choice.*

Survey, Installation, and Operations and Maintenance Vessels

The Bureau of Ocean Energy Management, BOEM, requires submission of Site Characterization Surveys
among a Site Assessment Plan, Construction and Operations Plan (COP), or General Activities Plan (GAP).
An Avian Survey will be conducted, as well as provide Archaeological and Historic Property Information
and Geophysical, Geotechnical, and Geohazard Information.’® There are many vessels available for
surveying depending on what type of survey is conducted for the wind farm site.’” The Merchant Marine



Act, also known as the Jones Act, is taken into consideration when looking at vessels for the farm. The act
limits the transfer of cargo between U.S. ports to vessels that are registered and built in the United States.
The U.S Coast Guard lists a Wind Turbine Installation Vessel (WTIV), but it is not compliant under the
Jones Act. Due to complications with the Jones Act, the use of Feeder barges will be investigated.”® This
approach uses a barge for transport of the turbine components to the installation vessel.'

In September of 2022, a U.S and German firm announced the construction of a WTIV that is Jones Act
Compliant. The Feederdock features a 3,000-ton crane and a maximum hook height of 182 meters. It also
boasts the ability to install wind turbines up to 25SMW. Construction is set to begin in 2023 and is set to be
ready for use in U.S waters by 2026.°° Although there is already a vessel called Charybdis under
construction in the U.S that is Jones Act compliant, the Feederdock’s capabilities exceed that of the
Charybdis. Due to current uncertainty on the time frame of project completion though, further investigation
on vessel availability is necessary.*” For operation and maintenance (O&M) of the site a Crew Transfer
Vessel, CTV, will be used. CTVs are used for day-trip O&M visits, and inspections.*®

2.7 Risk Analysis

The most significant operating risk associated with offshore wind farms include cable failure, which results
in failure of power generation.*'** Any mishaps where transmission cables are damaged or caught by
vessels require timely and costly repairs.* These risks are being avoided by ensuring proper installation
and design are employed.

The risks of offshore wind farm installation include heavy lifts, collisions, and damage.* The large and
heavy parts that make up the farm as well as the specialized vessels that facilitate installation must be
carefully handled to prevent causing damage from dropping parts or from collisions.** Following proper
installation guides and safety protocols will help mitigate these installation risks. Foundations can become
vulnerable from saltwater corrosion and marine species once installed, which can compromise the
turbines.* Corrosion-resistant foundation materials can be used to help prevent saltwater corrosion, as well
as safely removing organisms that attach to the turbines. Furthermore, sea floor bathymetry varies globally,
meaning foundation expertise is pivotal to ensure safe installment of the foundations.* Employing people
with regional expertise of the Gulf of Mexico’s bathymetry will help secure stable installation.

Weather Related Risks

Weather risks of offshore wind farms are much greater
than onshore wind farms due to the more severe
weather conditions they are subject to.*' Wave, wind,
and current action can gradually erode the turbines,
especially in an offshore environment.** Using
erosion-resistant material will help guarantee the
longevity of the turbines. Lightning strikes are also a
significant concern as about 80% of insurance claims
come from lightning strikes and lightning causes 60%
of operational blade losses and nearly 20% of overall
wind losses.”* Lightning Protection Systems (LPS)
can be used to dampen the voltage impacting the blades
and decrease the likelihood of damage.*’
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Another potential environmental factor occurs during
hurricane season.’” Various category 3, 4, and 5
hurricanes traveled through the surrounding areas of ~ Figure 7: Hurricane history paths of Ida (2021)
Port Fourchon as shown in Figure 7. Various @nd Unnamed (1893), which are in proximity of
category 3, 4, and 5 hurricanes traveled through the the wind farm, which is marked.*



surrounding areas of Port Fourchon as shown in Figure 7. Two category 4 hurricanes in particular, Unnamed
1893 and Ida, traveled through both of the selected lease blocks with top speeds of 66.88 m/s (130 kt).*
The time gap between hurricane Ida in 2021 and Unnamed hurricane in 1893 is rather large (128 years),
and the potential for another hurricane of that magnitude to pass through the same area during the 25 year
lifetime of the FPOWP is a low potential risk. Hurricanes are a threat to wind turbines due to the high wind
speeds affecting the turbine’s structure. The turbine selected for preliminary consideration also has an IEC
T-class (Typhoon class) that allows them to withstand winds as high as 57 m/s averaged for 10 minutes, or
three second gusts of up to 79.8 m/s. The turbines have an anemometer sensor that automatically shuts
down the system once wind speeds are above 25-30 m/s.*”** Shutting off the turbines above the maximum
operating speeds mitigates the risk of the blades spinning faster, which damages not only the rotor blades,
but the generator as well. Using a twisted jacket foundation for the turbines add more support to withstand
high winds and hurricanes. An oil rig in the Gulf of Mexico used a twisted jacket foundation that was able
to withstand and survive hurricane Katrina’s fierce winds.*' This impressive feat influenced the team to
consider using the twisted jacket foundation for support and mitigation of damages post hurricane. Entergy
is also implementing a 10-year hardening strategy of transmission lines to withstand hurricanes. The utility
engineered a 115 kV transmission line extending from Golden Meadows to Leeville.*’ The transmission
line is now able to withstand 67 m/s, the wind speeds of a category 5 hurricane.*’ As mentioned earlier,
hurricanes also pose a threat, but are mitigated through the twisted jacket foundation, shutting the system
off once a certain wind speed is reached, and hardening the interconnection line. Supplying backup power
for the turbines to quickly yaw to point into the wind can help reduce hurricane risk.** Wave heights above
2 meters pose a risk to maintenance delays.’® Breaking waves in the shallow water are another concern but
should be addressed by selecting a Jacket foundation.

Military Zones

The selected lease blocks are inside the limits of a very large military airspace which spans the Gulf Coast
region from Houston, TX to New Orleans. This is a risk as wind farms can potentially interfere with military
procedures including acting as obstructions to training routes and interfering with radar.’">* Even though
most flight paths are above turbine height and radar interference can be avoided by upgrading systems or
issuing site changes, the project would notify the Department of Defense (DoD) Clearinghouse of the
proposed wind farm well in advance of commencement of construction.’’*? Once informed, the DoD
Clearinghouse receives input from affected military branches and bases and will work with developers to
either mitigate or eliminate potential national security impacts from the project.’' Final approvals or denials
are ultimately determined by the military.’'** Approval by the DoD Clearinghouse is essential in ensuring
the FPOWP will not interfere with military procedures.

3.0 Financial Analysis

3.1 Capital Expenditures (CapEx)

To develop an initial cost for the project, HVEC used the JEDI (Jobs and Economic Development Impact)
model.>® The model includes turbine component, substructure and foundation, electrical infrastructure
components, assembly and installation, ports and staging, development, and engineering and management
costs. In total, the CapEx is reported to be $933,240,000 or $3030/kW. The costs are broken down in detail
based on results from the JEDI model in Table 1. Applying this CapEx value into the Financial Analysis,
which was run using System Advisor Model (SAM)*, the project’s overall net capital cost is
$1,058,445,568. The difference is made up of financing and development fees totaling $125,205,568.
Turbine cost components include Nacelle/Drivetrian, Blades, and Towers. The total cost of Turbine
Components is $429,330,000.00 and $1316.00/kW. Turbine Component costs are 43.4% of the total cost.
The Balance of System (BOS) cost includes substructure and foundation using twisted jacked and scour
protection. The Twisted Jacket parameter was selected for our substructure type due to the reasons
mentioned in section 2.5. The Scour Protection parameter is necessary for our offshore turbine as scour
affects the foundation length, natural frequency, and J-tube of the structure.”>** The total BOS cost is
$429,330,000, with $1127.5/kW. BOS costs are 37.2% of the total cost. The soft costs include



commissioning, construction
finance, construction insurance, Table 1: Breakdown of Capital Expenditures for Offshore Wind

contingency, and decommission. turbine on a 200 m Tower

The total Soft Cost is

193-200,000 and SSSOAW. Soft CAPITAL EXPENDITURES (CapEx)

Costs are 19.35% of the tota Category Cost Cost Per kW |% of Total Cost

cost. Turbine Component Costs

3.2 Annual Operational Nacelle/Drivetrain $265,188,000.00 $861.00 28.4%
. Blades $79,464,000.00 $258.00 8.5%

Expenditures (OpEx) Towers $60,676,000.00 $197.00 6.5%

According to the Offshore Wind Ttotal $1,316.00 43.40%

Market Report: 2022 Edition,’® Balance of System Costs

Operational Expenditures Substructure and Foundation $120,299,613.00 $390.60 12.9%

(OpEX) predicted by analysis for Electrical Infrastructure Components $65,912,349.00 $214.00 7.1%

. . Assembly and Installation $29,004,452.00 $94.20 3.1%

offshore wind projects are :

. Ports and Staging $2,518,543.00 $8.20 0.3%
estimated to range from $59/kW- Development and Other Project Costs|  $107,974,789.00 $350.60 11.6%
year to $89/kW—year for U.S. Engineering and Management $21,560,000.00 $70.00 2.3%
projects with a commercial Total $1,127.50 37.20%
operation date (COD) between Soft Costs
2021 and 2030. Whereas, Commissioning $12,381,857.00 $40.00 1.3%
reported OpEX for the Dominion Constructfon Finance $51,497,269.00 $166.40 5.5%
Offshore Wind Energy Project, Consfructmnlnsurance $12,381,857.00 $40.00 1.3%

A K Contingency $88,924,245.00 $287.30 9.5%
which has a projected COD of Decommissioning $16,321,539.00 $52.70 1.7%
2026, are listed at $50/kW-year. rotal $586.00 19.4%
A $70/kW-year OpEx value was Total capital Cost $933,240,000.00 $3030 100%

applied to the FPOWP analysis

as a conservative estimate considering the most recent U.S. project statistic. This OpEx cost includes
preventative maintenance, corrective maintenance, operating facilities, EHS (environmental, health and
safety) monitoring, insurance, spare parts, and any leases costs not included in the CapEx. A 1% per year
escalation was included in the OpEx to account for increasing costs with project age.

3.3 Supply Chain Analysis

The Port of New Orleans will act as the staging, construction, and assembly port for the project while the
Port of Fourchon will serve as the operations and maintenance Port. As mentioned previously, the port of
New Orleans was chosen due to its room to assemble parts, as well as its access to nearby manufacturing
facilities and transportation options, such as river, road, and rail. Initially, Port Fourchon was considered
for the staging, construction, and assembly port, but due to its shallow depths, New Orleans was chosen to
facilitate the docking of installation vessels.

The project will begin with the arrival of the components such as the tower, blades, and nacelles. Although
there is no 22 MW turbine on the market, the Vestas V236-15MW turbine will be used as a reference turbine
for supply chain purposes, as it is currently the largest manufactured turbine on the market. Since the project
will be using 22MW turbines (based on the V236), the nacelles will be sourced from the Vestas Nacelles
Factory in Brighton, Colorado. Although there is a blade factory located in Windsor, CO, currently they
only manufacture blades for smaller MW turbines, so the blades will be sourced from a factory in Taranto,
Italy, as Vestas recently announced that it will produce the blades for the V236 there.”” The Vestas blade
factory in Denmark could also be considered. It is worth noting though that by the start of construction in
2031, the blade factory in Windsor, CO could support the construction of 22 MW turbine blades. The towers
will be manufactured at a wind tower manufacturing facility located in Pueblo, Colorado, which builds
more wind turbine towers than anywhere else in the world.*®
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The assembly of the largest components will be conducted at the port, although due to the size of the
components, full construction of the turbine will be conducted on site. Due to the size and weight of some
of the parts, heavy duty cranes and other heavy cargo infrastructure will be used to offload the larger parts.
Loadout areas for nacelles, towers, and blades will be utilized for assembly. Depending on the
vessel/method chosen for installation, partial or full construction of the turbine will be completed. Although
further investigation regarding vessel availability, the Feeder dock installation vessel, which is set to be
operational in U.S waters by 2026 seems promising. Once construction is completed, parts of the turbine
will be loaded onto an installation vessel with mooring and dynamic array cables being used.*

Once the turbine components are loaded onto an installation vessel, the actual construction and assembly
of the turbines will begin on site. The construction will begin with the attachment of the turbine tower onto
the twisted jacket foundation, which is installed first on the sea floor. From there, the nacelles and blades
will be attached as well. According to ONP Management, if an installation vessel such as the Feederdock
is utilized, “a European installation methodology will be used with its U-shaped global heavy lift jack-up
installation vessel, paired with Jones Act articulated tug barges docking inside the installation vessel before
jacking up.”® This is a method that is preferred by offshore wind industry professionals.®® Once the turbines
are installed, operations and maintenance will be conducted from the O&M port of Port Fourchon using the
CTV’s.

3.4 Financing Plan

The financing plan for the FPOWP assesses the capital and operating expenditures, assumed structure, and
rates for the financial model developed in the National Renewable Energy Laboratory (NREL) System
Advisor Model (SAM). The financing and ownership plan for the 308 MW FPOWP is centered around a
PPA Partnership with Debt structure, with 41.94% financed via debt and 58.06% financed via equity. The
Developer, HVEC, is investing 20% of the required project equity while equity partners will invest the
remaining 80%. The project’s proposed equity partners include Bank of America Corporation, JPMorgan
Chase, and Santander. This group will be agreeing to a 95/5 tax flip and 95/5 cash flip structure, meaning
the equity partner banks will assume 95% of the project’s tax and cash benefits until year 3. After the flip
year, the equity investors will only assume 5% of both the cash and tax benefits with the remaining 95%
going to the developer, HVEC. The investors can expect to see a return on investment of 10.98% at year 3
and a total IRR of 11.58% at the end of the 25 yr project at a value of $22,427,002. Meanwhile HVEC
anticipates a NPV of $30,768,872 in addition to a 5% development fee ($46,662,000). The development
fee is planned to be used toward meeting most of the lease block bid price. All these terms are based on
meeting a Debt Service Coverage Ratio (DSCR) of 1.3 and an initial PPA price of $0.0845/kWh, which
will escalate at a rate of 2% per year. The project will generate an average annual energy production (AEP)
of 1,009,242.6 MWh each year.

In the past decade, many large banks have pledged to help reach the United Nations’ Sustainable
Development Goals (SDGs) and/or have created their own sustainability targets. Bank of America
Corporation has committed $1.5 trillion through 2030 to sustainable business such as renewable energy
projects.®! JPMorgan Chase has committed $2.5 trillion through 2030 and Santander has committed $220
billion through 2030.%% These three banks were also participants of a 9-bank financing team for the
Vineyard Winds offshore project in Massachusetts.*® With this, HVEC is confident that there is an
opportunity for a partnership with these banks to be

the projects tax-equity investors. Table 2: Summary of Financing Fees
The debt financing plan as well as construction Financing Fee Value
financing assume a 5% interest rate. This rate . .

follows the 10-year treasury bond rate, which is Equity Clgszng Cost orsBUILLD
currently around 3%-3.5%.%° The project will ~ Debt Closing Cost $4,439,346
benefit from a construction financing loan at a rate Upfront Construction Loan Fee | $9,332,400
of 5% for 12 months before construction. Total debt Total Fees $17.771,746
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borrowed for this project is $443,934,624. A summary of all of the financing fees can be found in Table 2.

Figure 8 highlights the PFOWP’s cumulative cashflow over the 25-year lifetime of the project for both the
Developer and the Equity partners. It can be seen that the investors’ cumulative NPV becomes positive in
year 3, the flip year.

Project After-Tax Cash Flows
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Figure 8: Cumulative developer and investor after-tax cash flow.

3.5 Key Assumptions & Incentives

Incentives

The Inflation Reduction Act (IRA) extended Production Tax Credits (PTC) and Investment Tax Credits
(ITC) for offshore wind projects that begin construction prior to January 1, 2026.% The ITC is 6%, with the
ability to increase up to 30% if the project pays prevailing wages and meets apprenticeship requirements.
HVEC plans to initiate construction in 2024 for the purpose of establishing safe harbor to secure the current
ITC rate for the first 10 years of operation.”” This will require a 5% investment in the project which is
expected to be met by the offshore lease block bid. The PFOWP will meet stated wage and apprenticeship
requirements to qualify for the full 30% ITC for this project®® and additional 10% bonus will also apply as
it is assumed that the project would qualify for this incentive due to minimum domestic content
requirements. Current offshore wind projects have a threshold of 20% of manufactured materials which is
expected to increase in 2025.% The project also plans to make use of the 5 yr MACRS (Modified
Accelerated Cost Recovery) Deprecation federal incentive.

Taxes & Rates

HVEC used the following rates in the SAM financial analysis. An income tax rate of 27%, combining
Louisiana state tax rate of 6% and the federal income tax rate of 21%.”° A Louisiana sales tax rate of 4.45%.
HVEC assumed a 3% inflation rate for the 25-year analysis period and using a real discount rate of 4.75%
gavea nc;minal discount rate of 7.89%.""7?In Louisiana there is currently no property tax rates for renewable
energy.’

3.6 Market Conditions

As mentioned earlier, the total amount of energy that the PFOWP will generate, on average, each year is
1,009,242.6 MWh-year, achieving a capacity factor of 37.4%. This will enable the project to sell power at
a PPA price of $84.5/MWh, with an annual escalation rate of 2%.
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By using a PPA, HVEC can minimize risk from fluctuations in the wholesale market. However, because
the offtaker is locking into a PPA, this can pose a risk if wholesale prices drop lower than the agreed price.
The U.S. Energy Information Administration reported an average retail price for electricity to be
$88.2/MWh (2021), making our PPA price competitive on a national scale.” However, the Regional
Transmission Operator in this region is MISO (Midcontinent Independent System Operator) and the grid
interconnection for the project will be with the local utility Entergy. For reference, typical residential
electricity rates for Entergy Louisiana customers are $47.7/MWh” with a $10/MWh Entergy Green
Selection option providing Renewable Energy Credits’® for residential customers. Comparing this to the
PPA price from the PFOWP at $84.5/MWh does not look as favorable for the project. However, this is not
the market of interest.

Docked marine vessels at Port Fourchon are able to help protect the surrounding environment by replacing
fossil fuel-generated ship power with Entergy’s Shore Power product.”””® The ships can plug into the
electrical grid, rather than continuously burning diesel oil and contributing to emission pollution.”
Entergy’s initial Port Fourchon Shore Power installation, built in 2020, allows for accommodations of 10
Edison Chouest Offshore (ECO) vessels.”® The company projects that the Shore Power product will reduce
net carbon emissions by 42%, reduce sulfur oxides by 48%, and reduce nitrogen oxides by 98% compared
to if the 10 ECO vessels were docked and using their own engines.”””® Entergy was the first U.S. utility
with a voluntary carbon reduction commitment (in 2001), with a goal of achieving net-zero carbon
emissions by 2050 and has a portfolio of 240 MW of renewable generation.* It is proposed that the power
generated by the PFOWP will be sold as a part of Entergy’s new Shore Power product, allowing it to
increase its capacity from the current 10 vessels and add to its rapidly growing renewable energy portfolio.

As teams were not able to reach out to stakeholders as a part of this study, the specific electric rate that
Shore Power is being sold for at present is unknown. In the absence of this information, the equivalent rate
to run a ship on its own engines was estimated, using Shore Power references from Europe,®' to consider
the relative marketability of the PPA price for the PFOWP. The most recent estimates found were from
2017, indicating that the cost of running MGO (Marine Gas Oil) for power at shore was around 125
Euros/MWh ($138/MWh) and thus Shore Power would be cost effective at a rate of 115 Euros/MWh
($127/MWh).* The price of MGO was around $14/mmBTU in late 2017.%! Historically, MGO prices follow
trends in Brent Crude Oil (where MGO is consistently ~500 Euro/mt higher)®', and Brent Crude prices are
higher today than in 2017. Thus, since the project’s PPA price of $84.5/MWh is certainly competitive to
the 2017 European Shore Power rates and considerably less (31%) than the cost of running ship power on
MGO alone. Therefore, the conclusion is that power generated from PFOWP is considered highly
marketable to supply Shore Power as an offtaker.

4.0 Optimization Process

The size of offshore wind turbines over the next decade are expected to continually increase due to higher
wind energy at increasing hub-heights leading to higher capacity factors as well as larger rotors. Thus,
turbine size and hub height were the parameters that HVEC investigated to optimize the turbine selection
and layout for the PFOWP under the given wind resource conditions at the site. Turbine layout
optimizations were paired with a financial analysis to determine which combination delivered the best
overall performance and lowest PPA price.

The individual turbine location optimization for the selected lease blocks was performed by the Furow wind
layout micro-siting tool. Parameters such as wind speed and direction were gathered from Wind Toolkit?***
and then converted into a format the was readable for Furow. Then the exact coordinates of the selected
lease blocks were inputted into Furow, thus allowing for the creation of the Clima Object. Additionally, the
turbine power curves must also be supplied to Furow in order to simulate the farm performance. Wind
turbine models for the V236 15 MW and an IEA Reference 22 MW turbine were used. Simulations were
then performed with both turbines, and heights varying from 160 m to 200 m and number of turbines in the
farm from 13-21. All simulations were run for 10,000 iterations. The wake model used was Jensen with a
maximum wake length of 20 D and a maximum radial distance of 3. For these comparison tests the default
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Furow wake decay factor of 0.075 was used. After deciding on the best number and size of turbines based
on the comparison, one final optimization was ran on 14 x 22 MW turbines. The final simulation ran for
justunder 80,000 iterations and used a wake decay constant of 0.04 (calculated from Frandsen’s wake decay
factor equation using a hub height of 200 m and a roughness of 0.002m) which is more accurate for the
ocean environment.

Once the optimized layouts were identified in Furow, the resulting AEP and layouts were entered into the
financial analysis tool, SAM. Each case was run with similar financial output expectations, including an
investor IRR of ~11%, a Developer NPV of $57 million and the lowest possible PPA price. Additionally,
a CapEx increase of $15/kW was added for 180 m towers and $30/kW for the 200 m towers (for a total of
$3030/kW as described in the CapEx section earlier). This cost was estimated based on the cost of rolled
steel and projecting tower costs from existing literature. Results from this optimization analysis are shown
in Figures 9a and 9b for cases involving the two turbines as well as two potential hub heights (180 m and
200 m, as 160 m was quickly found to be inferior).
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Figure 9 a) & b): PPA Price [$/kWh] vs a) Project Capacity and b) Capacity Factor

As seen in Figure 9a, the 15 MW turbines on 180 m towers had the lowest capacity factor while the 22 MW
turbines with a 200 m tower had the greatest capacity factor (37.4-38.1 MW) which also led to the lowest
PPA prices ($8.6-8.7/kWh). Another comparison is shown in Figure 9b between the project size (which is
indicative of the number of turbines in the project area) and the PPA price. Once again, the 22 MW turbine
with the 200m tower experienced the lowest PPA prices, but now as a function of project size, HVEC was
able to determine the optimal project capacity of 286 — 308 MW, or 13-14 turbines. Considering there
wasn’t a significant difference in the PPA price for these two cases, a 14 turbine, 308 MW project was
considered for the final site design analysis.

The individual turbine location optimization was performed by the Furow micro-siting tool. Once the lease
blocks were selected the location data was imported into Furow. Parameters such as wind speed and
direction were gathered from Wind Toolkit** and then converted into a format that was readable for Furow.
Then the exact coordinates of the selected lease blocks were inputted into the map thus allowing the creation
of the Clima Object. Additionally, the turbine details must also be given to Furow in order to simulate the
farm performance. The previously mentioned 15 MW and 22MW turbines were used. Simulations were
then performed with both turbines, and heights varying from 160m to 200m and number of turbines in the
farm from 13-21. All simulations were run for 10,000 iterations. The Wake model used was Jensen with a
maximum wake length of 20 D and a maximum radial distance of 3D. For these comparison tests the default
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Furow wake decay factor of 0.075 was used. After deciding on the best number and size of turbines based
on the comparison one final optimization was ran on 14, 22MW turbines. The final simulation ran for just
under 80,000 iterations and used a wake decay constant of 0.04 which is more accurate to the ocean
environment.”* Between the financial analyses conducted as a part of the site design optimization and the
final design, there were also some changes. For instance, an OpEx of $50/kW-year, debt interest rate of
4%, and higher inflation rate were initial assumption which were updated to values described previously
for the final detailed financial cashflow analysis.

5.0 Auction Bid

The amount HVEC is willing to bid on lease blocks 34 and 35 is $50 million. The total bid is based on the
overall project scope of 10,000 acres for both lease blocks. The bid amount is derived from an estimated
price per acre to be around $5,000. The price per acre is based on the rate range for offshore leasing blocks
in the New York Bight lease sale on February 25, 2022. The winning bids ranged from $765 million (71,522
acres) to $285 million (43,056 acres).® From the lease sale, HVEC compared the price per acre range of
$10,700 to $6,500*° and estimated $5,000 per acre in the Gulf of Mexico. Overall, the bid amount based on
the price per acre was adjusted for the Gulf of Mexico area due to its lower wind speeds and being a newer
area to develop. The bid price ensures that HVEC maintains attainable returns to stakeholders, yields an
attractive profit, and remains competitive with other potential bidders in the lease auction.
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