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Executive Summary

The [Johns] Hopkins Student Wind Energy Team (hereafter, referred to as “HSWET,” the
“developer,” or the “sponsor”) has developed a report for a 98.4 MW wind farm in western South Dakota.
After extensive research into the siting characteristics and financials for the region, HSWET has created a
rough development plan for a 100-MW wind farm in Union Center, which is in Meade County, SD.
Siting aspects of the project were visualized using Wind Prospector while the financial analysis for the
project was done using the System Advisory Model (hereafter, referred to as “SAM”). The project offers
attractive economics to both the developer and tax equity investor with 11.87% and 7.07% returns
respectively along with a high-capacity factor of 46.3% and competitive LCOE of 0.022 $/kWh.'

The wind farm is attractive to investors for various reasons, including HSWET’s unique
combination of strategies using larger wind turbines, back-leveraged loans with refinancing options, an as
generated bus bar PPA with an investment-grade local utilities company, safe harbored equipment, and

Renewable Energy Credits.

Capacity 98.4 MW
Capital Expenditures S129 M
Cost/kilowatt-hour $1,290.90
PPA price (year 1) 20.9 $/mWh
Levelized PPA price (nominal) 22.9$/mWh
Levelized Cost of Energy (nominal) 22.3$/mWh
Tax Equity Investor Return 7.07%
Developer Return 11.87%

1.0 Siting Analysis

HSWET utilized Wind Prospector for preliminary site selection and to produce maps showing
average wind speeds, land ownership, terrain, endangered species, and nearby infrastructure.? HSWET
then overlaid these results with a map of the transmission grid from the U.S. Energy Information
Administration.> With a preference for high wind potential and a short distance to existing transmission
infrastructure, HSWET chose three areas for further investigation: South Dewey, West Todd, and Meade
County. HSWET ultimately decided Meade County was most viable for a potential wind farm due to
public land ownership and minimal exposure to endangered species. South Dewey and West Todd had
higher wind potential but were both on Indian Reservations and in the Whooping Crane migratory path.
Within Meade County, Union Center was the area of particular interest as most of the land is not
developed and the site is easily accessible by an existing road.*



Figure 2 - Location of HSWET's Proposed Wind Farm
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Figure 3 - Satellite View of Proposed Location

Site Characteristics

The site is in Meade County with the coordinates (44.664055, -102.660985). The area primarily
consists of grasslands, with nearby pasture lands, wetlands, and barren land. Residing in the Missouri
River Basin, the elevation of the site is 928m above sea level.” Meteorological data from the Wind
Integration National Dataset Toolkit sampled at 30-minute increments from 2007 to 2012 showed an
average wind speed of 8.4 m/s and an average temperature of 8.9°C.6

Minimum | Maximum Median Average
Wind Speed | 0.02m/s | 29.30m/s | 8.08 m/s | 8.39m/s
Temperature| -28.43°C 38.05°C 9.31°C 8.90°C

1.1 Wind Farm Design

Upon consultation of historical meteorological data and industry mentors, HSWET chose to use
22 Vestas 150-4.2MW and 3 Vestas 136-3.45MW turbines for the project. The Vestas manufacturing
plants located in Colorado are roughly 400 miles from the project site, which is favorable compared to the



locations of other turbine manufacturing sites throughout the country. The V150-4.2MW turbine has a
rated power of 4,000/4,200 kW while the V136-3.45 turbine has a rated power of 3,450kW.” We
incorporated 3 of the older V136-3.45MW turbines as HSWET expects the tradeoff will improve the
financial return of the project, which is described in further detail in the financial analysis safe harbor
section.

. Rated Cut-In Cut-Out Shear
Turbine il Hub Height
Power Diameter Value Value Coeff.
V150-4.2MW 4,000/ 150m 140m 3m/s 22.5m/s 0.14
4,200kW
V136-3.45MW | 3,450kwW 136m 142m 3m/s 22.5m/s 0.14

In designing a wind farm, turbine spacing must be given careful consideration. Wind turbines that
are too close together can result in increased wake losses and higher noise pollution. However, increased
distance between turbines results in higher costs due to the additional transmission infrastructure
necessary and greater land coverage. In the SAM model, HSWET assumed turbines are placed in a
rectangular grid where each turbine is 7 rotor diameters apart, which should be sufficient to allow each
turbine to receive a reasonable amount of turbulent air flow.*

1.2 Permitting

In the process of evaluating prospective site locations, HSWET compared the advantages and
disadvantages of private and public land. While public land offered more advantageous economic
incentives, it also required a much more rigorous permitting approval process and involved the
engagement of the NEPA, the Bureau of Land Management, and possibly the Bureau of Indian Affairs if
located on Tribal Land.” Such a project would most likely demand an extensive environmental assessment
or possibly even an Environmental Impact Statement which is a time intensive and expensive process.

With these factors in mind, HSWET chose to site the wind farm on private land where the
permitting process would be much simpler. In compliance with Meade County Local Ordinance 32 on the
development of Wind Energy Conversion Systems, the wind facility will be placed on agricultural
property of at least 73 acres of continuous land. HSWET’s method of obtaining this land will be through
acquiring compensatory contracts from private landowners. This approach will consist of a more personal
and direct exchange with community actors. HSWET anticipates that community impacts will be more
prevalent in wind farms being constructed and established in residents’ backyards. This further
emphasizes the need to be sensitive to the effects of the wind farm on the community as well as ensure all
development sufficiently follows all local ordinances.

Throughout the permitting application process, HSWET will make sure that all residences with
compensatory contracts as well as residents with properties within a 2,500-foot radius of the wind facility
are notified of the project’s hearing at least 2 weeks prior. To encourage transparency between the wind
facility and the residents, they will also be provided with contact information, a map of the expected
project, and the link to a website where residents can anonymously comment or ask questions about the
project development and design.

The design and installation of the wind farm will follow the design safety guidelines established
by the American National Standards Institute, the International Building Code, and the National Electric
Code. The project will also comply with the local ordinance’s visual appearance requirements such as the
color of the turbines being non-obtrusive and containing no artificial light or advertising. The
transmission and power lines can also be placed underground to reduce visual disturbance. Additionally,
the shadow flicker of the wind farm will be restricted to just 36 hours per year to fulfill local ordinance
guidelines. '
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With regards to the setbacks, the wind facility will be installed at a distance of at least two times
the height of the turbine from the property line of residents participating in compensatory contracts. As
for non-participating landowners, the wind facility will be installed at a distance of at least five times the
height of the turbine from said residents’ property lines. As for public roads, the facility will be set back a
distance of at least two times the height of the turbine from the public road boundary. All the
measurements listed above meet the local regulations explained in local ordinance 32 of Meade County.

1.3 Environmental and Community Impact

An ecological survey of a nearby region with similar terrain (Butte County, South Dakota)
indicates low species diversity in Meade County. This survey documented 8 reptilian species, 118 avian
species, and a variety of mammals including big game species.'' Endangered and threatened species and
species with special status in this area include the Sprague’s pipit, the Red Knot Bird, the Least Tern, the
Whooping Crane, and the Northern-long Eared Bat, the last two of which are of the greatest concern. The
Whooping Crane migration corridor centers along the middle of South Dakota, following the Missouri
River. Union Center is on the western edge of this pathway, seeing a low density of migrating birds."
Northern-long Eared Bats and other bat species tend to be found in trees and caves but can have a wide
hunting range."?

Other environmental factors that were considered as part of the siting analysis include the
acoustic and visual resources of the region. The chosen site is not near any populated areas; Meade
County has a population density of less than eight people per square mile, and the chosen site is not near
any towns. National parks and recreation areas are also not impacted by this site.'"* The closest state and
national parks—Bear Butte State Park and Badlands National Park—are more than 50 miles away. This
indicates a low impact on visual and audio resources in this area.'’

Paleontological resources are moderate throughout western South Dakota. While there is risk in
damaging these during site construction, this risk is no higher than any other area in South Dakota.'® The
impacts to paleontological resources can be mitigated by collaborating with a paleontological consultant
during site construction.'’

Environmental justice concerns for this site are low. General average income data indicates that
Meade County is comparable to other counties in western South Dakota.'® The site is not located on
Native American lands and is in a sparsely populated area suggesting a low overall impact on humans."’

Mitigation Strategies

To minimize the environmental impact of this project, HSWET considered a variety of mitigation
techniques that help to encompass the entire project process from construction to end of life. These
strategies consider the use of land, ecological resources, and other environmental resources.

Prior to construction, an evaluation on the site will be conducted to ensure that turbines are not
being placed in Whooping Crane stopover locations. To protect Whooping Cranes and other avian species
as well as minimize the damage to habitats, all parts of the process will seek to avoid wetlands.”” During
construction, vehicles will be cleaned outside of agricultural areas to prevent the spread of weeds. Local,
state, and federal laws will be followed to minimize dust particle and chemical spread to natural habitats
and streams. Limits will be set on idling diesel equipment, and interference with farming and livestock
operations nearby will be minimized. Noisy construction activities will be scheduled at the same time to
avoid frequent noise disturbances, and the installation of equipment will also be planned to avoid nesting
times, migration periods, and other sensitive times for wildlife. Additionally, turbines will be painted
appropriately before installation to avoid excessive light scattering. Following construction, any drainage
or soil compaction problems will be corrected, and disturbed areas will be reclaimed and restored.?'

Turbines themselves will operate using ultrasonic noise deterrence to avoid collisions and harm to
bats. Anti-perching devices will also be installed to reduce collisions with birds. The project will feature
buried electrical lines and use the minimum amount of pilot warning and obstruction avoidance lighting
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as required by the Federal Aviation Administration (FAA).? To further reduce impacts to wildlife,
turbine cut-in speeds can be increased, and the turbine blades can be feathered.?

Throughout the project, wildlife will be monitored to ensure minimal impact. Moreover, a plan
will be set to avoid transporting noxious or invasive plants into this region. At the end of the project’s life
the terrain and vegetation will be restored to match the surrounding environment.

1.4 Net Annual Energy Production

The SAM model indicates that the Year 1 Annual Energy Production is 405,497,344 kWh at a
46.3% capacity factor. This means that the wind farm will essentially be operating at 46.3% of its total
MW potential for every hour of the year. The high capacity factor is due in most part to a larger modern
turbine design (the Vestas V150) and great wind resources.**

2.0 Capital Expenditures

Developing an initial capital cost is a complicated procedure involving numerous components
such as the cost of turbines, transportation, construction, and land. Thus, most of the SAM model’s inputs
are derived from data provided by industry mentors working on projects in the region and research
performed from online sources ranging from South Dakota government reports and energy assessments to
NREL and DOE documents. The remaining figures came from industry benchmarks and default model
values. Ultimately, HSWET calculated that the project’s net capital cost is $129,090,328.%

HSWET found that the main components affecting the net capital cost are the turbine cost,
balance of system cost, and financing cost.”® Elements affecting the turbine cost include distance from
manufacturer to location, cost of labor, and cost of resources, among other factors.”” One major element
worth accounting for is the size of the turbine. When faced with the option of having more “smaller”
turbines or fewer “larger” turbines, HSWET elected to go with the latter. The logic is that with each
turbine comes a new foundation, nacelle, hub, crane pic, and transmission line, not to mention the
additional cranes and workers needed for construction. As a result, while HSWET will pay more money
per turbine, total construction and long run maintenance for the wind farm will be less than it would be
with smaller turbines.?®

While the SAM model has its own estimation-of-turbine-costs calculation, an industry mentor
mentioned that the model’s estimated cost per turbine was higher than he expected and he subsequently
suggested that HSWET should use $3.4MM per V150 turbine. With this assumption the project costs
around what the industry would expect ($1.30-$1.50/watt).”’

Cost Type Amount Percentage

Turbine Cost $ 85,000,000 65.85%
Balance of System Cost S 28,849,816 22.35%
Financing Cost $ 15,240,512 11.81%
Net Capital Cost $ 129,090,328 100.00%

Another element that heavily affects the net capital cost are balance of system costs. The BOS
cost considers all direct construction costs such as site development, management, site preparation,
foundation construction, turbine erection, collection system construction, grid connection, and substation
connection. It excludes the cost of the turbines.”* HSWET used NREL’s LandBOSSE modeling software
to model balance of system costs.*' Listed on the table below is a breakdown of the project’s balance of
system costs.
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Expense Type Amount
Turbine Foundation 3 3,378,575
$ 1,964,659
$ 96,413
$ 1,156,449
S 161,054
S 2,272,666
$ 960,355
$ 96,413
$ 1,156,449
$ 59,449
S 4,017,444
$ 1,661,886
$ 381,666
$ 1,782,454
$ 191,438
Transmission and Distribution S 4,821,131
$
$
$
$
$
$
$
$
$
$
$
$
$
$

Labor

Equipment Rental

Material

Mobilization
Site Preparation

Labor

Equipment Rental

Material

Mobilization
Collection System

Labor

Equipment Rental

Material

Mobilization

Tower Erection 1,929,949
Labor 1,200,220

Equipment Rental 192,699

Mobilization 530,514

Fuel 6,516

Substation 5,432,424
Management 6,847,627
Bond 209,165

Construction Permitting 267,643

Engineering 1,426,188

Insurance 121,354

Markup Contingency 2,438,547

Project Management 1,543,295

Site Facility 841,435
Development S 150,000
Total: $ 28,849,816

Finally, the financing cost accounts for costs such as bank and legal fees and legal fees involved
in contract negotiations. This accounts for the smallest amount of the capital cost.*

2.1 Financing Plan

As the developer, HSWET needs to identify the site, secure land leases, select vendors, and most
importantly negotiate contracts with debt and equity investors. Thus, it is HSWET’s job to spread risk to
the parties best prepared to handle said risk. A combination of sponsor equity, tax equity, and term debt
will fund the $129MM capital cost.*

HSWET will enter into a back levered deal as front levered projects have gone by the wayside
due to tax equity not wanting to be subordinated by project companies defaulting on loans. As part of the
back levered deal, the developer (HSWET) will directly receive the debt in the project rather than have
the debt go straight into the project company. However, even though HSWET directly takes on the project
debt, the developer maintains its non-recourse status as do all parties in project finance other than the
project company itself.**

For the $129MM project, $92.4MM will come from equity and $36.6MM will come from debt
financing.*® This is typical of a back levered project of this size, especially given the high capacity factor
of over 46%. The high capacity factor means that the project will be throwing off lots of PTCs which in
turn provides a higher percentage of investment from tax equity than would be available with a lower
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capacity factor. Further, the sponsor is responsible for putting up 10-15% of the total capital cost to show
that they have “skin in the game.”¢

The investor’s IRR in the flip year will be 7% which is standard for the industry (typically 6-
8%).%” Over the lifetime of the project the tax equity investor will have a 7.07% return with an assumed
discount rate of 6.08%.

Further, HSWET has also acquired one large lender (again for simplicity reasons HSWET is
assuming that it would not spread its debt across multiple lenders). HSWET has signed a contract with the
same lender that ensures HSWET will receive a mini perm upon COD. After eight years HSWET will
face a bullet payment, although the loan goes through year 12.*° This scenario will force HSWET to seek
a lower-risk permanent loan to refinance the initial mini perm in year eight. This provides HSWET the
opportunity to receive more favorable interest rates as the project will have seven and a half years of
proven cash flow and data by the time the team looks for the project’s permanent loan.*’

HSWET will hire an EPC contractor that will design, construct, and commission the 100MW
farm. The construction period will be eight months (with a three month pause for winter) with five
tranches of loans. Upon COD the project will get turned over to the O&M contractor who will ensure the
project runs smoothly in day-to-day operations.*'

Listed below is a source of funds table that details how the project is being funded.

Source Amount Percentage

Developer $ 18,479,630 14.32%
Tax Equity $ 73,918,520 57.26%
Project Debt S 36,692,178 28.42%
Total: $ 129,090,328 100.00%

2.2 Power Purchase Agreement

After doing extensive research into the independent system operator (ISO) within which Union
Center, SD, is located, HSWET concluded that the proposed wind farm would be producing power in the
Western Electricity Coordinating Council (WECC) Wyoming region of the Federal Energy Regulatory
Commission.*? Further research suggests that operation in a merchant power market would be infeasible
as no robust merchant market currently exists in WECC. As a result, a PPA would certainly be required
for a wind farm to be economically viable.

Therefore, HSWET will be signing an as-generated, bus bar PPA with an investment-grade local
utilities company, Black Hills Energy Corporation. They are headquartered in Rapid City, SD, and have a
market cap of $4.15 billion** with 1.2 million customers across an 8-state region.** Fitch rated Black Hills
a BBB+, or solidly investment-grade,*’ with a stock price of $66.17 as of May 21, 2021 on the New York
Stock Exchange.*® Black Hills Energy Corporation’s low-risk, regulated utility operations, predictable
cash flows and revenue increases, and constructive regulatory environment drive their strong credit
reliability.*” The PPA contract will specific a price of $20.9/MWh for 15 years under the agreement with
an optional 5-year contract extension at a renegotiated PPA price that could be exercised if no merchant
power market is developed in WECC by the time the original contract ends. These figures for the PPA are
based on power curves for WECC Wyoming, the grid region covering Union Center, SD, over the next 20
years, and with confirmation from industry mentors working on financing projects in the region.*® The
agreement also includes the sale of the Renewable Energy Credit (REC) of $12 per MW of energy
produced to Black Hills Corp. The sale of the credit was able to bring the PPA price down from about
$33/MWh to an even more attractive $21/MWh.

With the bus bar agreement, Black Hills is buying the power at the same location HSWET puts it
on the grid. This will eliminate basis risk because Black Hills will purchase power at the same node as the
generated power joins the grid, meaning there will be no difference in prices based on distance. This is a
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viable PPA with Black Hills since they are headquartered in Rapid City, less than an hour down the road,
and cover the area around it, including Union Center.

2.3 Market Conditions

Renewable energy accounts for 70% of South Dakota’s electricity generation. Wind energy’s
share of state electricity production currently stands at 30% and continues to grow rapidly.*’ South
Dakota has the highest capacity factor for wind energy in the country, at over 44% (46.3% at the location,
according to SAM), and new transmission capacity is expanding wind’s attractiveness.’® With South
Dakota’s population growing at a rate of about 9% and hydroelectric energy somewhat capped along the
Missouri River and facing more opposition,’' there is space for a faster-growing wind energy to fill the
utilities companies’ portfolios. Specifically, Black Hills Energy Corporation is looking to increase their
renewable energy holdings by 200 MW by 2023.3

A cost of $20.9/MWh is superior to that of hydroelectric, coal, solar, or other sources of
electricity in South Dakota, and a very attractive price for regional utilities to purchase. Residential,
commercial, and industrial electricity sells for an average of $123.10/MWh, $115.90/MWh, and
$91/MWh, respectively,”® meaning significant profit opportunity arises from utility sale to consumers.

Long-length PPAs are also becoming rare, though they still exist, due to the rate of technological
innovation. The LCOE of the most cutting-edge turbine produced in 2021 may be far higher than the
LCOE of a turbine produced five or 10 years later. Thus, if a utility locks itself into a 10+ year PPA, they
could end up overpaying for their power as over time power gets cheaper to produce. Once again, for
simplicity reasons and due to the inability for a wind farm to operate in a merchant market in WECC,
HSWET is assuming that it will sign the 15-year PPA with the optional extension. Traditional “as
generated” contracts with local offtakers are becoming rarer, though they also still exist. One reason as
generated contracts are harder to find is because offtakers are opposed to onboarding the risk of
committing to pay a predetermined price for all the power the wind farm produces. Offtakers could be
hurt if the market price of power is lower than the predetermined PPA price/MWh since the offtaker
would still be forced to pay the power producer the agreed upon PPA price even though they could get
cheaper power from the market. This risk is typically mitigated by a “fixed contract” where the offtaker is
only obligated to pay the PPA price for a fixed amount of power that the contract specifies. However, for
simplicity reasons HSWET is assuming that it will use an as generated contract.

2.4 Incentives

A major incentive that significantly increases the profitability of the wind farm is revenue from
renewable energy certificates (RECs). REC prices in the WECC ISO region currently stand at around $12
per MW.>* After conferring with industry experts, HSWET has projected that REC prices in the WECC
region will decline by 50% in the next 20 years as the supply of RECs continues to increase in the area.’
Annualizing this 20-year decline suggests that REC prices will decline by 3.5% annually. The existence
of REC:s allows this wind project to maintain profitability at the chosen PPA price as HSWET has
factored in the REC price to the PPA (through the use of a Production Based Incentive in the SAM) as the
offtaker of the power will also be purchasing all of the wind farm’s RECs.

Anticipating that HSWET’s project’s commercial operations date (COD) is in 2022, HSWET will
be partnering with Steelhead Vestas under a joint development agreement as part of a safe harboring
strategy.’’ Steclhead Vestas will be providing the project with three Vestas 136-3.45MW wind turbines,
which equates to about 7% of capital costs for the project, making the project eligible for the 2017 PTC
rate of 80%.® In exchange for Steelhead’s safe harbored wind turbines and developer expertise,
Steelhead will receive $10.2 million of the development fee upon COD, which is earmarked under turbine
costs in the SAM model.’* The SAM model suggests that the increase in the PTC tax credit rate from 60%
to 80% due to safe harboring allows the project to net an additional $16.8 million in tax equity funding
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(from $57.1 M to $73.9 M) which is quite significant. Executing this safe harbor strategy allows the
project to fund an additional 13% of net capital costs through tax equity financing.*

There are a few regional incentives for wind farms in the state of South Dakota. One incentive
that the wind farm will use is the Renewable Energy Sales and Use Tax Reimbursement which allows
commercial contractors to receive reinvestment payment for up to 100% of sales and use taxes paid for a
project.®’ This decreases the sales tax for direct costs from 4.5% to 0%. Another incentive that can be
utilized is the Large Commercial Wind Exemption and Alternative Tax which enables large (>5MW)
wind farms to pay a production tax and nameplate capacity tax in place of property taxes. The production
tax is the product of $0.00045/kWh and the net annual energy production. It applies to wind farms
generating power on or after April 1, 2015.%2 The nameplate capacity tax is the product of $3.00/kW and
the nameplate capacity®. The result of these incentives is a total tax of $474,916.

2.5 Operating Costs

As the developer, HSWET will hire an O&M contractor to provide labor, day-to-day operations,
and ensure that the wind farm delivers to its listed capacity. HSWET will have a fixed-price contract with
a clause that requires the O&M contractor to pay HSWET a fee for every day that the plant is unable to
deliver up to its capacity. These factors are important to ensure that the operating costs are predictable and
do not drastically fluctuate from year to year, which can affect profitability.**

Specifically, the total annual operating cost calculated by the SAM model is $5,063,468 for year
1 and increases to $7,190,106 by year 20. The primary input that affects this value is the fixed cost by
capacity. The fixed cost by capacity is the flat cost required to maintain one kilowatt of energy per year,
thus as the nameplate capacity of the system increases, the cost increases. This is calculated using the
insurance annual premium, which is what the sponsor pays every year to cover the project, and the
inflation rate. The fixed cost of capacity is 39$/kW-yr based on Lazard’s 2020 Levelized Cost of Energy
Analysis. > What HSWET found after using 39$/kW-yr in the SAM model matched closely with
Lazard’s findings.

2.6 Risk and Mitigation Strategies

HSWET has identified eight different categories of risks posed to the project. Of the eight,
HSWET selected and ranked four that pose the largest threat to the project based on impact on returns.

Risk Type Description
Risks arising from changes in government policy support schemes for wind farms (changes to PTC,
subsidy expiration), complications arising from long approval process

1. Political / policy / regulatory risks

Risk due to uncertain cash flows resulting from inaccurate wind resource prediction, future energy

2. Market / sales risk X DT )
prices, limitations in grid management/infrastructure

Risks arising from scarcity of capital & insufficiency expertise, inadequate depth of the tax equity

3. Strategic / business risks
gic/ market

4. Cost Overrrun risk Risks arisng from unexpected cost overruns

Risks arising from potential inaccuracies in early planning/assessment (ex: inaccurate wind

Technology / innovation risk ] 3
resource assessment, inadequate land mapping)

Operation / maintenance risk Risks arising from damages to physical assets due to weather, defective

Risk arising from liabilities to third parties due to environment damages, legal disputes/contracting

Liability / legal risk . ..
risks arising from revenue loss

Counterparty risk Risk arising from poor credit quality of supplier, power purchaser
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The first is political / policy / regulatory risk. This covers everything from PTC policy to the
permit approval process. If the approval process were to be prolonged, dragging out the COD date of the
project, it could pose a serious risk to the tax equity sponsor, as the project may potentially overshoot the
5-year construction window of the safe harbored equipment from 2017. Subsequently, HSWET would
become ineligible for 80% PTC tax credit, instead defaulting to 60%. To construct the project, HSWET
needs to receive approval from the South Dakota Public Utilities Commission (hereafter, PUC) who have
several responsibilities pursuant to SD Codified Law § 49-41B.°° HSWET must notify the PUC of
HSWET’s intent to apply for a permit six months before submitting the permit application, after which
the PUC has a maximum of nine months to approve or deny the permit once submitted. Once the permit
application is submitted, the PUC organizes a local review committee made up of South Dakota residents
living near the proposed site. This committee holds a public hearing where residents can air formal and
informal grievances about potential impacts of the project. After surveying these complaints as well as
analyzing the project’s impact on local public works and quality of life, the review committee submits a
report to the PUC stating their concerns and proposed mitigation strategies. The political risks arising
from this process are mainly due to the potential of strong public opposition to the project, manifesting as
anything from a formal complaint to a lawsuit. These complaints and the subsequent report could force
HSWET to change operation and construction times, move the site or adjust the turbine layout, or even
abandon the project altogether. National trends indicate that public opposition to wind farms has grown
significantly over the past several years due to invigorated local and national anti-wind lobbies, especially
in states where construction has grown significantly.®’ In 2019, South Dakota experienced the largest
percent increase in wind farm development of any state in the US, indicating an environment ripe for
these problems.®® To mitigate these political risks, there are several key strategies we can take. The first is
to make sure that HSWET representatives are constantly interacting with the local population and
working to spread positive, accurate information on the project to prevent the spread of pseudoscientific
theories that have derailed projects in the past. Taking important procedural elements like public hearings
seriously can demonstrate HSWET’s commitment to the people of Union Center, building a trusting
rather than a contentious relationship. Finally, HSWET must plan for potential construction delays. Due
to these regulatory risks, it is very possible that permitting and construction could take upwards of two
years, so the project must be financially viable if the construction window is missed. Fortunately, any
political/regulatory delays are highly unlikely to delay construction beyond the 80% PTC qualification
deadline, so financial viability is assured assuming the worst.

The second major risk is market / sales risk. Unfavorable market conditions could pose a major
threat to the project’s cash flows. Unexpected price fluctuations in the power market might force the
project to accept a lower-than-expected PPA price, severely depressing returns. We currently plan on
signing a 15-year PPA priced at $20.9/MWh with an option for the power producer to extend the PPA an
additional 10 years. An analysis of different PPA price scenarios and their effect on returns are listed

below in Figure 10.

PPA Price price % change D:\;et:):‘er TaxRIer1t\:l?:‘tor
$20.9/mWh - 11.87% 7.07%
$19.86/mWh -5% 6.84% 6.93%
$18.81/mWh -10% -1.28% 4.38%

The third major risk to the project is financing risk arising from expensive debt. Changing market
conditions could force the project to accept loans at interest rates that adversely affect returns. The current
financial plan entails an initial construction loan and two refinancing loans with an average interest rate of
3.8% on $36.7 million in debt with a total tenor of 20 years. If the discount rate were to rise, developer
cash flows would be affected as higher debt servicing costs bite into developer returns. An analysis of
different interest rates and their effect on returns is provided below in Figure 11. It should be noted that
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tax investor return remains untouched because cash flows allocated to tax investors are allocated before
debt servicing costs and cash flow allocated to the developer.

Interest Developer |Tax Investor
Rate Return Return
3.80% 11.87% 7.07%
4.30% 8.80% 7.07%
4.80% 7.07% 7.07%
5.30% 5.27% 7.07%

A fourth major risk is weather variability and its effect on returns. A 20-year probability of
exceedance analysis was conducted through the SAM model.®’ P50 is the base case scenario where there
is a 50% chance that wind farm performance is greater than predicted. The poor case scenario is P75,
where there is a 75% chance that wind farm performance is greater than the baseline, and the worst-case
scenario, P90, where there is a 90% chance that wind farm performance is greater than expected. An
analysis of P25, P50, and P90 probability scenarios of wind resource availability and their effect on
investor returns are provided below in Figure 12.

Probability % Production (mWh) |Tax Equity Return |Investor Return

P50 (standard) 405,497 7.07% 11.87%
P75 (poor) 384,750 6.33% 8.42%
P90 (worst) 376,234 5.85% 0.79%

Additionally, there is a chance that the project could be affected by cost overruns resulting from
unforeseen circumstances such as unexpectedly high interconnection costs. We have run a scenario
analysis of cost overruns and how they affect returns below in Figure 13.

Cost Overrun % Net Capital Cost | Developer Return |TaxInvestor Return
- $129 M 11.87% 7.07%
5% $135M 10.77% 5.24%
10% $142 M 9.38% 3.92%

Finally, road and transmission line access need to be analyzed as sources of potential risk. Roads
to the site are necessary for transporting parts during construction and must be accessible for large trucks
carrying turbine blades and other pieces. The Union Center site is located at the intersection between
County Highway MC-27, or Stoneville Road, and County Highway Mc-22a, allowing for easy access to
the site. A large dirt road can be easily constructed across the site for installation of turbines as the
topography is relatively flat and treeless, with gentle, rolling grass hills that are easily navigable for large
trucks.

Transmission lines are important because they deliver the energy generated from the wind farm to
residential and commercial properties. The two big risks are distance from existing electric gird and the
grid interconnection limit. Distance is not a concern because the closest electric grid line is only one mile
from the proposed wind farm and the costs to interconnect to the main grid should be minimal. The grid
interconnection limit is the maximum AC power that can be supplied to the grid and any surplus power
above the limit is curtailed. Curtailment is when the maximum amount of energy that’s allowed to be
supplied to the grid is reduced, which reduces the profits generated since less electricity is able to be
produced. The voltage of the nearest transmission line is 230 kV.”® Assuming overhead high-voltage
transmission lines are used, the electric conductor lines, also known as Aluminum Conductor Steel
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Reinforced (ACSR), are in the 220 kV ‘Zebra’ class which means that the maximum current carrying
capacity is 200 MVA'. This can be used to calculate the grid interconnection limit which is roughly
61,000 kW7, This is larger than the power generated by the wind farm which is around 46,290 kW, so
curtailment should not be an issue.

2.1 End of Life

There are two decisions to choose from when the end of the project life is getting close:
decommission and repowering. Decommissioning involves breaking down the wind farm and selling the
various turbine components to other parties or scraping them for raw materials. Repowering involves
continuing the operation of the wind farm for an additional number of years. A lifetime extension
assessment involving a theoretical calculation and physical inspection of the wind farm’s turbines can be
done to determine the most profitable way to maximize salvage value.”

HSWET is planning to sign a repowering contract with another developer at the end of the
project’s life. This simplifies many factors such as what to do with the existing turbines, transmission
lines, and foundations. Further, the fact that those pieces of infrastructure already exist make a repowering
agreement attractive to a future developer.

3.0 Optimization Procedures

Since the 2020-2021 competition season was the first year for the JHU Student Wind Energy
Team, the team focused heavily on the learning aspect of wind energy development and competition
requirements. HSWET took a top-down approach to optimize the project proposal. First, the team
identified the three most favorable regions in western South Dakota based on wind potential and distance
to transmission lines. Then, HSWET conducted deeper due diligence on the permitting procedure and
environmental conditions for each region and focused in on Meade County. The specific coordinates were
chosen based on terrain, use of land, and distance to existing roads. Turbines were selected based on wind
conditions and industry standards were assumed for the turbine layout.

Finally, HSWET optimized the proposal further through varying levels of equity ownership
between tax equity and the developer, while identifying ideal partnerships to minimize the cost of capital.
HSWET’s process consisted of background research and learning (i.e. using CWC rules and regulations,
past project reports, and industry mentor meetings), an outline of a general plan, individualized research
and assignments on various parts of the development project, and compiling SAM inputs. Using each
person’s individual research via memos to the team, HSWET gathered preliminary figures for the SAM
inputs, refined through meetings with industry mentors, and optimized via multiple iterations of the
financial model to reach the most profitable and attractive financial plan with minimized costs and
diversified risk across prepared parties.
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