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Value Case for Distributed Wind in Co-op Areas

Background: The RADWIND Project

NRECA Research’s Rural Area Distributed Wind Integration Network Development (RADWIND)
project seeks to understand, address, and reduce the technical risks and market barriers to distributed
wind adoption by rural utilities. The goal of the project is to reduce the barriers for distributed wind
deployment, either as a standalone resource or as part of a hybrid power plant with other distributed
energy resources (DER). For more information on the project and additional resources, please visit the
project landing page at www.cooperative.com/radwind.

This is the second in a series of NRECA Research RADWIND reports about wind as a DER. This report
describes the characteristics and features of distributed wind and the value streams applicable to
distributed wind in different use cases. The first report in this series, Use Cases for Distributed Wind in
Rural Electric Cooperative Service Areas, explains the primary ways that wind energy technologies can
be deployed in electric cooperative service territories as a DER. The next report in this series will
discuss the business case for distributed wind.



http://www.cooperative.com/radwind
https://www.cooperative.com/programs-services/bts/radwind/Documents/RADWIND-Use-Cases-Report-April-2021.pdf
https://www.cooperative.com/programs-services/bts/radwind/Documents/RADWIND-Use-Cases-Report-April-2021.pdf
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What Is Distributed Wind?

Distributed wind projects can use any scale of turbine from small kilowatt-scale units up to large multi-
MW units, as long as they are connected at the distribution level of the electric grid. As presented in Use
Cases for Distributed Wind in Rural Electric Cooperative Service Areas, turbines may be connected on
the customer side of the meter to serve a local load (i.e., the behind-the-meter use case), directly to the

distribution grid as a utility generating asset (i.e., the front-of-meter use case), or directly powering an
off-grid load (i.e., the off-grid use case).

Distributed wind is therefore differentiated from wholesale power that is generated at large wind farms
and carried over transmission lines to substations for distribution to distant end users. Distributed wind

projects can be deployed as standalone distributed generation projects or in combination with other DER
as hybrid power plants.
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Image 1: Cuming County Public Power District purchases electricity from this 2.5 MW GE wind
turbine with an 89-meter hub height and a 127-meter rotor diameter.
Photo credit: Boyd Jones
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What Is Value?

Valuation is “the process of determining the relative worth, utility, or importance (i.e., value) of options
or alternatives to allow their comparison in ways that are clear, transparent, and repeatable” (Markel et
al. 2019). Levelized cost of energy (LCOE) and benefit-cost analysis are most commonly used to
approximate and compare the value of different energy resources. However, valuation can also include
costs and benefits that are difficult to quantify or monetize, including locational and temporal impacts,
reliability, resilience, flexibility, sustainability, security, environmental quality, public health and safety,
and economic impact.

We use the term ‘value stream’ to refer to these costs or benefits experienced by the stakeholder. A
value stream can therefore be positive or negative. The net value is the combination, or the “stacking,”
of the value streams.

The value of a distributed wind project varies based on the specific technology, capacity, and location of
the project. Valuation is also affected if the distributed wind is part of a hybrid power plant with other
DER. Value streams of distributed wind can range from bulk energy services to customer-focused
benefits such as outage mitigation and savings on electricity bills. Project value also varies based on
perspective; an electric cooperative will have a different perspective on what is valuable to it than a
consumer-member.t Sometimes utilities, developers, or both are also interested in the value of a project
to society as a whole.

This paper identifies characteristics of distributed wind, factors that can influence value, and
qualitatively describes the value streams relevant to distributed wind.

L A consumer-member can also be referred to as a member-owner.
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Characteristics of Distributed Wind

Some potentially valuable characteristics of distributed wind, particularly when compared with or in
relation to other renewable DER technologies, include the following:

e Generation profile — Wind speeds can be higher in the evenings, at night, and during winter
months. This advantage can allow distributed wind to supply energy during certain peak periods,
such as the winter heating season in cold climates or summer evenings in warm climates.

e Complementary with solar — Distributed wind’s generation profile tends to be complementary
(i.e., negatively correlated) to solar PV generation because solar generation only happens during
the day and typically peaks in midday. Solar production is also higher in the summer months
while wind can be higher in the winter months (see Image 2 below). This complementarity from
resource diversity can allow a wind-solar hybrid to achieve a more consistent renewable
generation profile throughout the year. For example, Reiman et al. has demonstrated that
distributed wind has the potential to improve resource diversity and resilience in some high-DER
grid systems (Reiman et al. 2020).

e Small footprint — Wind turbines have a smaller footprint than ground-mounted solar PV arrays.?
This could result in lower land leasing rates for a developer to pay. The small footprint may also
be important where land area is expensive, or otherwise valuable and a source of revenue, such
as in farming and ranching areas. Crops can be co-located with wind turbines right up to the edge
of the turbine’s foundation.

e High visibility — A distributed wind owner or buyer may find value in highlighting their
commitment to renewable energy, in which case distributed wind is preferable to other resources
because it is highly visible and makes a clear statement.

e Suitability in windy areas — For those areas with strong and consistent wind resources, wind
can be more cost (and land use) effective than solar PV and other DER. For example, a small
farm in lowa may need 120 kW of solar PV to match the output of a 50 kW wind turbine, while
also needing to find the land or rooftop space for that amount of the solar PV.

2 The footprint of a 1 MW wind turbine foundation is roughly 2,000 square feet (Berndt 2004) while the siting
rule of thumb for ground-mounted solar PV is that 6 acres (261,360 square feet) are needed for 1 MW.
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Image 2: The 10-kW wind turbine and 15-kW solar PV array at Missisquoi National Wildlife
Refuge (serviced by Vermont Electric Cooperative) demonstrate wind generation’s
complementary value to solar PV generation on a monthly basis.

Photo credit: Bergey WindPower; Data Credit: Ken Sturm, Missisquoi National Wildlife Refuge
Manager
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Factors That Influence Value

While not value streams in and of themselves, some factors can have a significant influence of the value
of distributed wind. These include wind resource, market structure, tariffs, incentives and mandates, and
ownership models.

Wind Resource

A favorable wind resource greatly affects the potential value distributed wind can offer to a cooperative
or project owner because higher wind speeds will result in greater energy generation. Because a wind
resource is highly site specific, and distributed wind projects are typically sized to serve particular loads,
or designed with distribution feeder characteristics in mind, evaluating the wind resource and siting
considerations is critical.

Beyond the initial wind resource screening, it is important to understand the seasonal and daily patterns
of the potential project’s wind resource, especially if the wind turbines will be part of a hybrid power
plant with energy storage or another DER, as this will affect the value of the energy generated and
stored.

Assessing the wind resource is the essential first step in evaluating the economic feasibility of a potential
distributed wind project. For the purposes of an initial screening, cooperatives can target the use of free
or low-cost wind resource maps and other publicly available sources for a high-level wind resource
assessment. As rules of thumb, a minimum annual average wind speed of 10 to 12 miles per hour (4.5
to 5.4 meters per second) at 30-meter heights (DWEA 2021) and 14.5 miles per hour (6.5 meters per
second) at 80-meter heights are recommended as the minimum required to warrant further exploration
(DOE 2021a). Free nationwide wind resource maps for 30 and 80-meter heights are available from the
U.S. Department of Energy, as shown in Image 3 (DOE 2021a).

3 Other publicly available wind resource data sources can come from weather stations for agricultural agencies,
such as the California Irrigation Management Information System, and airports. However, the measurements at
these types of weather stations are taken at low heights close to the ground surface and should therefore only be
used to gauge general wind conditions or complement other wind data sources.
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Uniled States - Annual Average Wind Speed a1t 30 m United States - Annual Average Wind Speed at 80 m

Image 3: Wind resource maps available through the U.S. Department of Energy (DOE 2021a).

Small wind turbines (i.e., those sized 100 kW or less) should reference wind speeds at 30-meter heights
since that resource is within close range of typical hub heights for those technologies. Large wind
turbines (i.e., those sized greater than 1 MW) should reference wind speeds at 80-meter heights. Midsize
turbines (i.e., those between 101 kW and 1 MW in size) should default to the reference wind speed at the
height closest to their hub height.

Market Structure

Market structure influences which electricity products and services can be bought and sold in which
markets. A distributed wind project may have the potential to sell additional services if the project is in
an area with markets for these services. Selling these services can generate additional revenue streams
for the project. Different markets have different products, so it is important to consider the potential
products that may be available in a specific area of interest. A hybrid power plant combining multiple
technologies (e.g., wind with solar and/or battery storage) may be able to provide more services to the
market than wind alone.

A new potential market opportunity is on the horizon. Participation of DER in the wholesale energy
market has typically been restricted to traditional demand-response schemes, but new market rules
passed by the Federal Energy Regulatory Commission (FERC) are expanding DER access to bulk
energy markets. Order 2222, passed by the FERC in 2020, allows DER aggregations to compete in the
energy, capacity, and ancillary services markets operated by regional transmission organizations (RTOs)
and independent system operators (ISOs); in other words, grid operators within FERC jurisdiction are
now required to include aggregated DERs in their market structures (St. John 2020). The Order allows
small utilities—those whose annual electricity sales are below 4,000,000 MWh—to decide whether to
opt into the DER wholesale structures that ISOs and RTOs will establish to comply with the new ruling.
The Order also requires RTOs and 1SOs to establish a comprehensive procedure to ensure that
distribution utilities can review the individual DERs that are part of an aggregation. Although the ruling
is now effective, it will take time for the DER wholesale market to become active, especially as the
country works to integrate utility grid operations with bulk energy markets.
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Other market opportunities are discussed in more detail later in the report in the context of specific value
streams.

Incentives and Mandates

The availability of federal, state, or local incentives or mandates, such as renewable portfolio standards,
will also affect the value proposition of distributed wind in a certain location and application. Incentives
can come in the form of grants, direct payments, or tax credits. Mandates can influence value in that a
distributed wind project may enable a cooperative to comply with a mandate, avoid a compliance
penalty, and or avoid costs related to alternative methods of compliance.

Ownership Models

Distributed wind projects can be owned by utilities, community members, the energy end user, or third
parties. For example, the energy from a front-of-meter wind project owned by a third-party or a
community group can be purchased by a cooperative through a power purchase agreement (PPA).
Similarly, the energy from a behind-the-meter project owned by a third-party can be purchased by the
end user through a PPA. Community wind project owners can be individuals who form independent
power producer groups or LLCs to sell the energy (Orrell 2021).

Business arrangements such as project ownership arrangements, partnership structures, and contract
structures dictate who is responsible for operations and maintenance costs and major overhauls, how
incentives or other compensation is allocated and monetized, and in general, which stakeholders accrue
which benefits (Mongird and Barrows 2021). Consequently, business arrangements influence valuation.

Tariffs

Tariffs can both influence DER value and be influenced by valuation. For example, the development of
a new tariff, and the electric rates within the tariff, to compensate DER-owners will be shaped by the
utility or state’s valuation of such projects, in addition to any existing applicable regulations and
incentives. In turn, the location, type, and size of a DER project that an owner installs will be influenced
by the tariff compensation the owner expects to receive.

For example, net metering is a type of tariff under which distributed wind owners are compensated for
their exported energy at the full retail electric rate. If there are demand charges in a tariff, they can be
avoided if the time of energy generation from a net metered distributed wind project corresponds with
peak load periods. As distributed wind projects are considered, utilities or other project owners can
consider the applicable tariffs to understand the revenues and avoided costs that will result from the
project.
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Value Streams Associated with Distributed Wind

Electric cooperatives and other stakeholders install wind projects for different reasons based on what is
important to them. This section describes the different value streams, ones that are both quantifiable and
ones that may be more difficult to quantify, or may be more qualitative in nature, that could be used as
the basis of a decision to install a distributed wind project.

Most Common Distributed Wind Value Streams

The most common value streams associated with distributed wind include:

e (Gaining experience with distributed and
renewablg resources — Di_stribl_Jte_d wind can “G&Ts may gain experience and
support utilities interested in gaining experience lessons learned to help their
with DER. In NRECA Research’s 2021 NRECA members build their own Systems in
RADWIND Survey of distribution utility members, the future. In addition, smaller
40 percent of respondents indicated that increased distributed systems sometimes
experience with distributed generation is a benefit provide a less risky glide path to
of distributed wind to the cooperative (NRECA knowledge for G&Ts before jumping
2021). into a large, utility-scale project.”

(Moorefield and Roepke 2021).
e Meeting member demand for green and

sustainable energy — In the RADWIND survey, 34
percent of respondents indicated that meeting member demand for green and sustainable
electricity was a benefit of distributed wind to cooperatives. Locally deployed distributed wind
projects can provide a component of meeting this demand that is more visible to consumer-
members than a large-scale transmission tied project that may be far away from the service
territory.

e Local economic development — Because distributed wind is local, building, operating, and
maintaining distributed wind can support local economic development. In the RADWIND
survey, 21 percent of respondents pointed to increased economic development as a benefit of
distributed wind to the cooperative (NRECA 2021).

e Price predictability and fuel price hedging — When purchasing wind energy through a PPA,
the predictability of the purchase price may be highly valuable to the buyer when compared to
the alternative of purchasing electricity at variable, or rising, wholesale or retail rates. Because
distributed wind has no fuel cost, its energy generation can also serve as a hedge against future
fuel supply cost increases.

e Demand and energy cost reduction — Distributed wind on a distribution cooperative system
can reduce the demand for energy that must be obtained from a distribution cooperative’s
generation and transmission (G&T) cooperative or other wholesale supplier. If the LCOE of the
distributed wind project is less than the LCOE of electricity from alternatives, or the wholesale
cost of electricity, the wind project can reduce the total cost of energy to the cooperative.
Likewise, for individual cooperative consumer-members who install on-site distributed wind, it
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can reduce their demand and energy costs. Distributed wind projects can also reduce
transmission costs because they are on the distribution-side of a substation.

e Reduced need for new transmission or distribution assets — Distributed wind can provide
value to electric cooperatives in that it may delay or eliminate needed investment in additional
transmission or distribution system infrastructure, especially when part of a hybrid power plant
that includes other DER such as storage.

e Reduce peak demand — Depending on the timing of distributed wind’s generation profile
relative to the system peak demand, a distributed wind project can reduce peak demand and
associated demand charges. As part of reducing peak demand, distributed wind can also help
defer the need for additional generation, transmission, and or distribution system upgrades.

e Made in the USA — Wind turbine manufacturers and their supply chain vendors are located
across the United States, in at least 27 states for small wind and at least 42 states for large-scale
turbines. Small wind turbine manufacturers have self-reported that domestic content levels for
their turbines range from 80% to 100%. The approximated domestic content for large-scale wind
turbines ranges from 40% to 90% for blades and hubs, towers, and nacelles (Orrell et al. 2018;
Wiser and Bolinger 2020).

The following sections describe other types of value streams relevant to distributed wind.

Levelized Cost of Energy of Distributed Wind Compared to Alternatives

The primary reason a utility or other entity would install distributed wind is to save money. This value
stream can be quantified using LCOE. If the LCOE for a wind project is lower than alternatives, that
provides an economic benefit to the utility or customer installing the distributed wind. Therefore, the
primary potential value stream that distributed wind can provide is saving money due to a lower LCOE.
When the LCOE of a distributed wind project is lower than purchased power prices (either wholesale or
retail, as applicable), or the cost of new alternative projects, then the value contribution of the distributed
wind project is its ability to reduce costs to the utility or project owner.

LCOE refers to the overall capital and operating costs of energy from a power generation resource over
a defined cost recovery period and is usually expressed in cents/lkWh of energy generated. LCOE is
often cited as a convenient summary metric of the overall competitiveness of different power generation
technologies. Key inputs to the LCOE include initial capital costs, fixed operations and maintenance
(O&M) costs, variable costs that include O&M and fuel costs, and energy generation. LCOE
calculations can also include financing costs, future replacement costs, and degradation costs (NREL
2021).

Fuel costs are one input to the LCOE calculation. Because distributed wind has no fuel cost, as
mentioned earlier, that benefit may lower its LCOE, but its energy generation can also therefore serve as
a hedge against future fuel supply cost increases. The price predictability afforded by long-term PPAs
can also help hedge against increasing power prices generally.

11
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Tax Credits and Direct Payment Options

Project economics and the overall value of distributed wind is significantly influenced by the availability
of tax credits and direct payment options for electric utilities and other stakeholders. The federal
Business Energy Investment Tax Credit (ITC), federal Production Tax Credit (PTC), or other state tax
credits can provide an additional revenue source that effectively reduces the cost of building or
operating the wind project. The Inflation Reduction Act (IRA) of 2022 (Public Law 117-169) includes
several provisions that can potentially improve the finances of distributed wind projects owned and/or
operated by electric cooperatives.*

Prior to the IRA, electric cooperatives and rural public power districts were not eligible to take
advantage of federal tax credits directly. These non-taxable entities often had to partner with for-profit
developers or form for-profit subsidiaries to monetize federal tax incentives. Starting in 2023, the “direct
pay” provision of the IRA allows tax-exempt entities, including electric cooperatives, to receive the
value of the federal PTC and ITC as direct payments (H.R. 5376).° The IRA also extends and expands
these two tax credits. To realize the full credit amount under this system, an eligible entity must then
also meet prevailing wage, apprenticeship, and domestic content requirements to receive an additional
“bonus credit.” The bill provides additional bonuses for investment in low-income and other
marginalized communities. For example, projects that are less than 5 MW and located in low-income
communities may qualify for additional environmental justice bonus credits. Co-ops are particularly
well-positioned to earn multiple bonus credits for siting distributed energy resources, including wind, in
energy community and low-income community locations.

Additional Direct Revenue Streams

In some cases, additional direct revenue streams, for either the cooperative or the consumer-member
owner, may be available and improve the distributed wind project’s cash flow. These include renewable
energy certificates (RECs) and carbon credits. These types of revenue streams may be realized only in
certain states that provide the specific incentives or programs.

RECs are market-based instruments that represent the property rights to the environmental, social, and
other non-power attributes of renewable electricity generation. One REC represents one MWh of
electricity generated and delivered to the grid from a renewable source (EPA 2019). RECs from
distributed wind projects can be sold and therefore represent an additional potential revenue stream from
a wind project. RECs from a wind project can also be kept and retired to demonstrate compliance with
state renewable portfolio standard mandates.

* The provisions of the IRA are undergoing regulatory review as of December 2022 to determine how they will be
applied by the U.S. Treasury’s Internal Revenue Service. For more information on this process, or on specific
provisions of the IRA, contact information for NRECA Government Relations staff can be found here:
https://www.cooperative.com/programs-services/government-relations/Pages/Legislative%20Issues/Inflation-
Reduction-Act-o0f-2022-fact-sheet.aspx.

®> Some distributed wind projects may qualify for both the PTC and the ITC, but only one credit type may be used.
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Carbon credits, or carbon offsets, can also be associated with distributed wind projects that are able to
demonstrate reduction in greenhouse gas emissions. For a project to be eligible to generate carbon
credits or offsets, the project must be deemed to be additional (i.e., the project would not have happened
without the carbon credit), and the resulting emissions reductions must be real, permanent, and verified;
and the credits issued for verified emissions reductions must be enforceable (EPA 2018).

Potential Generation, Transmission, and Distribution Benefits

If wind energy generation is coincident with peak demand, the distributed wind project has the potential
to reduce the peak demand, system congestion, and capacity costs. The generation from a behind-the-
meter project for a commercial or industrial customer could be coincident with the facility’s load and
thereby reduce the customer demand charges. For a front-of-meter project, if generation is coincident
with peak demand, the project could reduce peak demand on a distribution system which would reduce
congestion and save on capacity costs. One of the key benefits of distributed wind is that it is local and
can be sited closer to customers, thereby helping to avoid or mitigate distribution and transmission
congestion and associated costs. Distributed wind in a hybrid power plant has the potential to further
reduce peak demand and associated demand charges. For example, pairing wind with solar could reduce
both winter and summer peak demand, or with battery storage, to generally reduce variability and allow
the deferment of generation to peak times.

Through producing power at the times of peak demand, distributed wind, or distributed wind hybrid
power plants, can potentially defer the need for additional generation, transmission, and or distribution
system upgrades (Frick et al. 2021). Distributed generation, such as wind, can support a grid by
improving power quality and reducing transmission and distribution costs and associated system losses
(e.g., line losses), all of which ultimately enhance system power supply reliability (Wang et al. 2012).

Cooperatives considering generation, transmission, or distribution system upgrades can evaluate whether
distributed wind, or distributed wind hybrids, could defer, reduce, or avoid the need for these upgrades.
Generation capacity additions may also be avoided if the timing of distributed wind generation coincides
with system peak load, or if a wind-storage hybrid is used. In general, hybrids including battery storage
might be particularly useful in ensuring that output is predictable enough at the right peak times to defer
or offset the need for system upgrades.

Other Benefits to Electric Cooperatives

In addition to the value streams listed in the Most Common Distributed Wind Value Streams section,
respondents to the 2021 NRECA RADWIND Survey identified higher levels of member satisfaction,
meeting sustainable energy mandates, increased generation capacity, more local generation, improved
economic resilience within the community, and rate stabilization as benefits from distributed wind to
electric cooperatives (NRECA 2021). Distributed wind generation provides the opportunity to meet not
only local energy demand needs, but also state-level clean energy mandates.
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Potential Grid Services Benefits

Wind is technically capable of providing a wide variety of services, such as frequency response, voltage
support, and potentially even black start services (Denholm et. al 2019). Most grid services are enabled
through smart inverters, and some require intelligent forecasting, advanced controls and pre-curtailment
of the wind project to be able to ramp up to provide flexibility to support the grid. Ongoing research and
development of inverters for distributed wind turbines is increasing the ability of distributed wind
projects to provide grid services.

Regulation — Regulation service is used to balance small fluctuations between supply and
demand automatically and continually in real time. Market operators can request regulation up or
regulation down to keep the grid balanced. Regulation up means that a wind turbine would
increase power output in response to a signal. Regulation down means that a wind turbine would
reduce power output in response to a signal. Generation units that provide regulation must
respond to a signal within a given time frame, usually five minutes (Zhou et al. 2016).

Wind turbines can respond to a regulation down signal readily through inverters that can reduce
the power output from the wind turbine. For a wind turbine to provide regulation up, the turbine
would need to be operated in a pre-curtailed mode, where headroom is kept available to increase
wind production. Because providing regulation up requires operating the turbine in a pre-
curtailed mode, the wind system operator needs to consider the economic trade-offs between
operating in a pre-curtailed mode to provide regulation up services, versus maxing out
generation. Being able to provide this regulation up service would require more advanced control
schemes. Where a regulation market is available, wind turbines can be part of those market
transactions. Regulation up and regulation down are separate market products in CAISO,
ERCOT, and SPP. In ISO-NE, MISO, and NYISO, a generic five-minute regulation product is
offered (Zhou et al. 2016).

Primary frequency response (inertia) — North American Electric Reliability Corporation
(NERC) Standard BAL-003-1 requires that balancing authorities maintain sufficient frequency
response capacity to maintain interconnection frequency within predefined bounds. In
compliance with NERC Standard BAL-003-1, NERC establishes frequency response obligation
allocations for each of the four interconnections in the United States, and those obligations are in
turn transferred onto balancing authorities within each interconnection. Wind turbines can
provide energy to maintain frequency stability when it deviates outside the set limits, thereby
keeping generation and load balanced within the system. There are not explicit market products
associated with frequency response, but a bilateral contract can be entered into between utilities
and within balancing areas for frequency response. The technology exists and is mature for smart
inverters to provide frequency response, but that technology is not commonly used with
distributed wind.

Load following — Load following is similar to regulation in that it refers to adjusting power
output in response to changes in load to balance supply and demand. Load following can be
achieved with wind through smart inverters and advanced controls. No current markets exist for
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load following, but it can be valuable to a grid that wants to limit exports or otherwise balance
load with supply.

e Voltage support — Voltage support refers to generation units injecting or absorbing reactive
power to help maintain voltage levels of the grid within acceptable levels. Because distributed
wind is located closer to loads, it can provide localized voltage support. This may be particularly
useful in rural areas with long distribution feeders. Similar to other generation resources, wind
power plants are also subject to voltage regulation requirements per their interconnection
agreements. Additional voltage support for the grid as an ancillary service can be provided
through wind turbine inverters. Most markets do not offer compensation for voltage support, but
system operators must ensure voltage remains within acceptable bounds, and wind projects can
be part of providing reactive power, through inverters, to support the grid.

e Black start — Many power generators require input energy to start up and begin operating. Black
start refers to the capability that a power grid must be able to maintain, to restore operations in
the event of a mass outage (Zhou et al. 2016). For isolated grids or microgrids, wind turbines in
combination with other generating units can provide black start support. There are no markets for
black start, but black start can be valued as a technical service with associated avoided costs and
can be essential for isolated grids.

e Flexible ramping — Flexible ramping is similar to load following and regulation in that it refers
to the ability for generators to adjust up or down in response to system needs. Specific controls
are needed for wind turbines to provide flexibility ramping, and the ability to provide ramping
may be limited by wind resource availability, which can be indicated in forecasts. Pre-
curtailment may also be required, which may limit energy generation by wind turbines. Flexible
ramping is not an existing market product, but CAISO has been considering a flexible ramping
product.

Potential Financial Costs to Electric Cooperatives

New distributed energy programs or initiatives can introduce new costs to a cooperative, most typically
administrative, insurance, and interconnection costs. Potential lost revenue due to electricity self-supply
from behind-the-meter projects can also be considered a financial cost to a cooperative. If a utility
introduces a DER compensation or new interconnection program for customers interested in installing
on-site behind-the-meter DER, for example, there are typically administrative costs to the utility
associated with implementing and maintaining the program. There can also be capital costs associated
with equipment and technologies needed to interconnect the DER. Administrative costs can include
marketing, program application evaluation, interconnection review, insurance, and measurement and
verification (Wolf et al. 2014).

Other Potential Costs

Beyond direct financial costs to electric cooperatives themselves, there may be potential costs as a result
of wildlife impacts, environmental effects, and human-environment interactions. However, these types

of costs vary greatly depending on the project scale. To illustrate, in the U.S. Fish and Wildlife Service’s
2012 “Land-Based Wind Energy Guidelines” handbook, the agency states that distributed wind projects
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are typically planned for limited geographic areas with low environmental risk concerns and that they do
not anticipate such projects requiring additional evaluation beyond Tiers 1 and 2 of the Guidelines
approach (i.e., preliminary site screening and site characterization). The handbook acknowledges that
the environmental burdens posed by utility-scale wind farms are far more significant than those of
distributed wind energy projects (USFWS 2012).

Wind energy projects can have ecological and environmental effects, the most notable including the loss
or degradation of wildlife habitat and avian fatalities resulting from collision with land-based structures
(NRC 2007). According to the National Wind Coordinating Committee (NWCC), fatalities of birds and
bats are highly variable among facilities and regions of the country, but impacts to wildlife are
comparatively low: bird and bat deaths due to turbine collisions, changes in air pressure caused by the
spinning turbines, and habitat disruption generally do not pose a significant threat to species populations
(NWCC 2010). Potential wildlife concerns are typically mitigated through the turbine siting process.
The USFWS found that appropriately sited small wind projects are not likely to pose significant risks to
species of concern (USFWS 2012). If necessary, some potential wildlife impacts can also be addressed
through best management conservation practices such as the curtailment of facility operations during
migratory periods.

Other potential costs associated with the development and operation of wind energy facilities include
public health concerns around turbine sound and shadow flicker. Modern turbines have many features
capable of controlling sound emissions (e.g., insulation of the nacelle and gearbox) and do not produce
sound at levels that can cause hearing impairment, but there have been reports of increased annoyance,
stress, irritation, and sleep disturbance in individual cases, especially at sound pressure levels greater
than 40 dB(A) (Knopper and Ollson 2011). However, there is evidence to suggest that wind turbine
sound annoyance is mostly a function of individual perception and experience, rather than an objective
response to wind turbine sound level--that is, an individual is more likely to experience annoyance if
they object to the project itself (Haac et al.).

Another potential human-environment interaction is shadow flicker. Shadow flicker occurs when
rotating wind turbine blades cast shadows on the ground or on nearby structures, usually at sunrise and
sunset. There is no strong epidemiological evidence to link shadow flicker to serious health effects;
studies assessing the impact of flickering on individuals with photosensitive epilepsy have revealed that
turbines are unlikely to induce an epileptic response (Knopper and Ollson 2011). To date, no peer
reviewed articles demonstrate a direct causal link between wind turbine sound or shadow flicker and
physiological health effects (Knopper and Ollson 2011).

Although there are no known health effects caused by exposure to shadow flicker or sound, siting
software can be used by developers to model and calculate expected shadow flicker and sound levels for
stakeholder engagement purposes or to know when turbines may need to be curtailed to mitigate
concerns (EMD 2021; Priestly 2011).

Sound and shadow flicker concerns can also be mitigated by establishing proper setback distances
between turbines and nearby residences. Related to setback distances is the concern in some
communities that wind projects may negatively affect local property values. An analysis conducted by
Lawrence Berkeley National Laboratory revealed that property value impacts on single-family homes
located within 10 miles of wind facilities were too small or infrequent to result in any widespread,
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statistically observable impact, although it is still possible for home values to be negatively affected by
proximity to a wind facility (Hoen et al. 2014).

Although costs from wildlife impacts, environmental effects, and human-environment interactions are
relative to the scale of the project, all projects, regardless of scale, must comply with the permitting
requirements of the authority having jurisdiction.

Consumer-Member and Society Benefits

DER can provide a number of economic, educational, technical, and health benefits to consumer-
members and the local community. In terms of economic development, distributed wind energy projects
may create jobs within and around the local community, provide a new source of revenue for
landowners in the form of lease payments, and contribute to community tax revenue. DER can directly
increase economic community resilience for the aforementioned reasons, but may also indirectly
enhance the local economy through increased spending at hotels and restaurants during the construction
phase of a project (especially if construction services and companies are sought from outside the
community) (DOE 2021b).

Distributed wind projects can also be an educational asset to the community. First, such projects can
provide a tangible local resource as an introduction to renewable energy, including the opportunity for
touring and educational programs with younger (K-12) students. Second, distributed wind projects,
especially locally owned community wind projects, provide an opportunity for community stakeholders
and affected landowners to be involved in the siting and economic decision-making processes. Third, by
creating job employment opportunities, distributed wind projects may also expand technical and service
training programs at the local level (e.g. in partnership with local community/technical colleges) and
engender an opportunity for community members to become familiar with relevant renewable energy
policies. Last, experience with distributed wind projects can prepare a community for future distributed
generation development opportunities.

Distributed generation can also provide several benefits to consumer-members and the community
including mitigating outages and improving community resilience. In the case of Arizona G&T
Cooperative, the development of distributed generation capacity was critical to deferring upgrade costs
for the transmission line to their distribution cooperative, Anza. This also prevented the danger of
exceeding the capacity of the existing single radial transmission line, which had been subject to outages
due to wildfires (Moorefield and Roepke 2021; Ahlen and Gibson 2021). Compared to centralized
generation, distributed generation also offers the advantage of reduced interruptions due to transmission
and distribution outages (Wang et al. 2012). Additionally, distributed generation can play a vital role in
resilience planning for critical community infrastructure and at critical facilities, such as wastewater-
treatment plants or communications facilities.

Other benefits to society can include avoided greenhouse gas emissions and the associated health
benefits of reduced pollution. A distributed wind project does not require mining, drilling, or
transportation of fuel and it does not have the risk of of large-scale environmental contamination.
Distributed wind projects also require minimal amounts of water to operate (NREL 2012).
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Consumer-Member Owner Benefits

Distributed wind projects can provide a wide range of benefits to the consumer-member owners of the
projects, from economic savings (primarily through the reduction of utility bill charges) to achieving
corporate sustainability goals for commercial and industrial members. By generating part, if not all, of
their energy consumption needs, an owner can offset their utility’s energy and demand charges, resulting
in significant economic savings over the lifetime of a project. Corporate sustainability goals are also
driving distributed generation development. Corporate entities can tout their use of green power through
either projects that they own and operate themselves, or through PPAs with other entities. PPAs are
increasingly common for corporate entities. Through PPAs corporate entities provide wind project
owners with a financing mechanism for their projects, while corporations are able to “take credit” for
helping to bring the renewable energy project online (Moorefield and Roepke 2021).

Another driver for consumer-owners is federal, state, and utility incentives. In particular, owners can
benefit from federal tax incentives, or credits, for qualifying distributed generation projects. For
example, the federal Business Energy Investment Tax Credit (26 U.S.C. § 48) and the Residential
Renewable Energy Tax Credit (26 U.S.C. § 25D) are federal policy mechanisms that offset some of the
capital costs of qualified renewable energy projects. Under the IRA, both the Business Energy
Investment Tax Credit and the Residential Renewable Energy Tax Credit (for qualifying small wind
projects of 100 kW or less) were extended. Under the IRA, wind projects that are less than 1 MW
automatically qualify for the increased ITC and PTC tax credit rates without the labor and content
requirements discussed earlier.

® The provisions of the IRA are undergoing regulatory review as of December 2022 to determine how they will be
applied by the U.S. Treasury’s Internal Revenue Service. For more information on this process or on specific
provisions of the IRA, contact the NRECA Government Relations contacts found here:
https://www.cooperative.com/programs-services/government-relations/Pages/L egislative%20lIssues/Inflation-
Reduction-Act-o0f-2022-fact-sheet.aspx.
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Tools

There is currently no comprehensive valuation tool for distributed wind that captures all value streams,
quantitatively or qualitatively. Pacific Northwest National Laboratory has created a distributed wind
valuation framework that will eventually be the basis of a user-friendly valuation tool (Mongird and
Barrows 2021).

For now, a variety of tools are available that electric cooperatives and developers can use to estimate
project economics using various metrics. These tools, along with a short description and how they can
be used, are included in Table 1. These tools can be used as starting points in understanding a distributed

wind project’s potential value.

Table 1: A Selection of Modeling Tools for Distributed Wind

Tool Developer Technologies Description Accessibility
Cost of National Wind CREST is designed for state Free.
Renewable Renewable Solar PV policymakers, regulators, utilities, Easy to use cash
Energy Energy Geothermal developers, and investors. The cost- flow model
Spreadsheet Laboratory Anaerobic Digestion of-energy analysis tool can be used to | spreadsheet with a
Tool (NREL) determine the cost of energy, or user manual.
(CREST) Fuel Cell minimum revenue per unit of
production, needed for a renewable
energy project to meet its investors’
minimum required after-tax rate of
return.
System NREL Wind SAM can model the performance of a | Free.
Advisor Solar PV variety of technologies along with Wind resource data
Model Battery Storage different business and financial and turbine options
(SAM) Marine Energy models (i.e., PPA, residential owner, | are built in or can be
. merchant plant). added manually.
Concentrating Solar
Solar Water Heating
Biomass
Geothermal
Distributed Electric Power Wind An open-source platform for Free.
Energy Research Solar PV calculating, understanding, and Uses Python and
Resource Institute (EPRI) Demand Response optimizing the value of DER in could be connected
Value Electric Vehicle utility grids and microgrids based on | to grid simulation
Estimation . their technical merits and constraints, | tools, such as
Tool (DER- Charging _ including grid services and locational | OpenDSS.
VET) Internal Combustion | yajye.
Engines
Combined Heat and
Power
Locational Energy + Wind Specifically designed to identify Free.
Net Benefit Environmental Solar PV DER locational benefits by Spreadsheet tool
Analysis Economics (E3) Other comparing the DER value to a with user guide that
(LNBA) Tool specific utility investment. Appliesto | requires utility-

single a DER or a suite of DER.

specific inputs.
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Jobs and NREL Wind JEDI allows the user to estimate Free.
Economic economic development impacts from | Spreadsheet model
Development wind power generation projects. The | that requires user
Impacts model has default information that inputs including
(JEDI) Wind can be used to run a generic impacts | project capital,
model analysis assuming wind industry construction and
averages, Or users can enter project- O&M costs; turbine
specific data for more targeted and land lease
results. information; and tax
and financing
information.
Hybrid UL Wind HOMER products are designed to Cost.
Optimization Solar PV model distributed generation in Downloaded,
of Multiple Generators mic_rogrids, isolated g_rids, aqd desktop software.
Energy behind-the-meter projects using one | Company can
Hydro X ! .
Resource Combined H q or more technologies. provide training and
(HOMER) ombined Heat an support.

Power
Hydrogen
Custom Component
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Summary

Distributed wind, and distributed wind hybrids, can contribute a range of values, beyond the traditional
metric of a cost-competitive LCOE. In order to make informed decisions about distributed wind
deployment, stakeholders must identify, characterize, and then (to the extent possible) quantify the value
streams relevant to them. Stakeholders will have different perspectives (i.e., a cooperative evaluating a
large front-of-meter distributed wind project compared to a consumer-member considering a 10-kW
behind-the-meter wind turbine), which in turn will drive their different approaches to valuation.

As electricity markets evolve, electric cooperatives can be forward thinking in considering what values
distributed wind (alone or in hybrid power plants) could provide to them both now and in the future —
beyond the more traditional benefits such as cost savings. This report provides specific characteristics of
distributed wind, factors that can influence value, and value streams relevant to distributed wind to
consider when evaluating what value distributed wind could bring to a cooperative’s community.
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Next Steps

The Business Case report is the next report in this series. The Business Case report will investigate and
present various business and financial structures that could be used to realize the various quantifiable
value streams, and could assist in creating a framework that rural electric cooperatives can use to explain
a distributed wind solution to its board or members.

Additional Information on NRECA Research’s RADWIND Project

For more information on the RADWIND project and additional resources, please visit the project
landing page at www.cooperative.com/radwind.

Want to stay informed of our progress with the RADWIND project and provide your input and
feedback? We welcome all NRECA voting members to join the project as an advisor. Contact our
team at: RadwindProject@nreca.coop.

22


http://www.cooperative.com/radwind
mailto:RadwindProject@nreca.coop

Value Case for Distributed Wind in Co-op Areas

References

Ahlen, J. and B. Gibson. 2021. The Value of Battery Energy Storage for Electric Cooperatives, Five
Emerging Use Cases. National Rural Electric Cooperative Association, Arlington, Virginia. Available at
https://www.cooperative.com/programs-services/bts/Documents/Reports/Battery-Energy-Storage-Use-
Cases-January-2021.pdf.

Berndt, M.L. 2004. Sustainable Concrete for Wind Turbine Foundations. BNL-72488-2004-IR.
Brookhaven National Laboratory, Upton, New York. Available at
https://www.bnl.gov/isd/documents/26626.pdf.

Denholm P., Y. Sun, and T. Mai. 2019. An Introduction to Grid Services: Concepts, Technical
Requirements, and Provision from Wind. National Renewable Energy Laboratory, Golden, Colorado.
NREL/TP-6A20-72578. Available at https://www.nrel.gov/docs/fy190sti/72578.pdf.

DOE — U.S. Department of Energy Wind Energy Technologies Office. 2021a. Wind Energy Maps and
Data. Accessed April 28, 2021 at https://windexchange.energy.gov/maps-data.

DOE — U.S. Department of Energy Wind Energy Technologies Office. 2021b. Wind Energy’s Economic
Impacts to Communities. Accessed April 28, 2021 at
https://windexchange.energy.gov/projects/economic-impacts.

DWEA — Distributed Wind Energy Association. 2021. Is Distributed Wind Right for Me? Accessed
May 18, 2021 at https://distributedwind.org/is-distributed-wind-right-for-me/.

EPA — U.S. Environmental Protection Agency. 2018. Offsets and RECs: What’s the Difference? EPA
Green Power Partnership. February 2018. https://www.epa.gov/sites/production/files/2018-
03/documents/gpp_quide_recs_offsets.pdf.

EPA — U.S. Environmental Protection Agency. 2019. “Green Power Partnership Website: Renewable
Energy Certificates (RECs).” Updated May 2019. https://www.epa.gov/greenpower/renewable-energy-
certificates-recs.

Frick, N.M., S. Price, L. Schwartz, N. Hanus, B. Shapiro. 2021. Locational Value of Distributed Energy
Resources. Lawrence Berkeley National Laboratory, Berkeley, CA. Available at https://eta-
publications.lbl.gov/sites/default/files/Ibnl_locational _value der 2021 02 08.pdf.

Haac, T. R., Kaliski, K., Landis, M., Hoen, B., Rand, J., Firestone, J., Elliott, D., Hubner, G., & Pohl, J.
2019. “Wind turbine audibility and noise annoyance in a national U.S. survey: Individual perception and
influencing factors.” The Journal of the Acoustical Society of America, 146(2), 1124. Available at:
https://doi.org/10.1121/1.5121309

Hoen, B., R. Wiser, P. Cappers, M. Thayer, G. Sethi. 2014. The impact of wind power projects on
residential property values in the United States: A multi-site hedonic analysis. United States: N. p.,
2009. Available at https://emp.lbl.gov/publications/impact-wind-power-projects.

23


https://www.cooperative.com/programs-services/bts/Documents/Reports/Battery-Energy-Storage-Use-Cases-January-2021.pdf
https://www.cooperative.com/programs-services/bts/Documents/Reports/Battery-Energy-Storage-Use-Cases-January-2021.pdf
https://www.bnl.gov/isd/documents/26626.pdf
https://www.nrel.gov/docs/fy19osti/72578.pdf
https://windexchange.energy.gov/maps-data
https://windexchange.energy.gov/projects/economic-impacts
https://distributedwind.org/is-distributed-wind-right-for-me/
https://www.epa.gov/sites/production/files/2018-03/documents/gpp_guide_recs_offsets.pdf
https://www.epa.gov/sites/production/files/2018-03/documents/gpp_guide_recs_offsets.pdf
https://www.epa.gov/greenpower/renewable-energy-certificates-recs
https://www.epa.gov/greenpower/renewable-energy-certificates-recs
https://eta-publications.lbl.gov/sites/default/files/lbnl_locational_value_der_2021_02_08.pdf
https://eta-publications.lbl.gov/sites/default/files/lbnl_locational_value_der_2021_02_08.pdf
https://doi.org/10.1121/1.5121309
https://emp.lbl.gov/publications/impact-wind-power-projects

Value Case for Distributed Wind in Co-op Areas

H.R. 5376. 2022. Inflation Reduction Act of 2022. Available at https://www.congress.gov/hill/117th-
congress/house-hill/5376.

Knopper, L. and C. Ollson. 2011. “Health effects and wind turbines: A review of the literature.” Environ
Health 10, 78, 2011. Available at https://doi.org/10.1186/1476-069X-10-78.

Markel, L., A. Cooke, S. Hadley, A. Mills, P. O’Connor, V. Vargas, et al. 2019. A Valuation Framework
for Informing Grid Modernization Decisions: Guidelines on the principles and process of valuing grid
services and technologies. Available at https://pubs.naruc.org/pub/E5D88DC3-B521-3FBF-F489-
6D8E8ICBCI6F.

Mongird, K. and S. Barrows. 2021. The Value of Distributed Wind: A Valuation Framework. Pacific
Northwest National Laboratory. PNNL-31127, Richland, Washington. Available at
https://www.pnnl.gov/main/publications/external/technical_reports/PNNL-31127.pdf.

Moorefield, L. and D. Roepke. 2021. Evaluation of Existing Financing Mechanisms & Program Designs
for Low to Moderate Income Solar PV Programs. National Rural Electric Cooperative Association,
Arlington, Virginia. Available at https://www.cooperative.com/programs-
services/bts/Documents/Reports/ACCESS-Report-3-Solar-Market-Analysis-and-Trends-April-2021.pdf.

National Research Council. NRC. 2007. Environmental Impacts of Wind-Energy Projects. Washington,
DC: The National Academies Press. Available at https://doi.org/10.17226/11935.

National Wind Coordinating Council. NWCC. 2010. Wind Turbine Interactions with Birds, Bats, and
their Habitats: A Summary of Research Results and Priority Questions. March 2010. Available at
https://www1.eere.energy.gov/wind/pdfs/birds_and_bats fact_sheet.pdf.

NRECA — National Rural Electric Cooperative Association Market Research Services. 2021. 2021
NRECA RADWIND Survey. NRECA, Arlington, Virginia. Available at
https://www.cooperative.com/programs-services/bts/radwind/Pagess/RADWIND-Survey-Report.aspx.

NRECA — National Rural Electric Cooperative Association. 2018. Cooperative Utility PV Field
Manual. Volume I: Business Models and Financing Options for Utility-Scale Solar PV Installations.
NRECA, Arlington, Virginia. Available at https://www.cooperative.com/programs-
services/bts/Documents/SUNDA/NRECA-Cooperative-Utility-Field-Manual-Volume-I-Final.pdf.

NREL — National Renewable Energy Laboratory. 2012. Community Wind Benefits. DOE/GO-102012-
3785. Available at https://www.nrel.gov/docs/fy130sti/56386.pdf.

NREL — National Renewable Energy Laboratory. 2021. Levelized Cost of Energy Calculator. Accessed
May 18, 2021 at https://www.nrel.gov/analysis/tech-lcoe.html.

Orrell, A., N. Foster, S. Morris, J. Homer, D. Preziuso, and E. Poehlman. 2018. 2017 Distributed Wind
Market Report. Pacific Northwest National Laboratory, Richland, Washington. Available at
https://www.energy.gov/sites/prod/files/2018/09/f55/2017-DWMR-091918-final.pdf.

24


https://www.congress.gov/bill/117th-congress/house-bill/5376
https://www.congress.gov/bill/117th-congress/house-bill/5376
https://doi.org/10.1186/1476-069X-10-78
https://pubs.naruc.org/pub/E5D88DC3-B521-3FBF-F489-6D8E89C8C16F
https://pubs.naruc.org/pub/E5D88DC3-B521-3FBF-F489-6D8E89C8C16F
https://www.pnnl.gov/main/publications/external/technical_reports/PNNL-31127.pdf
https://www.cooperative.com/programs-services/bts/Documents/Reports/ACCESS-Report-3-Solar-Market-Analysis-and-Trends-April-2021.pdf
https://www.cooperative.com/programs-services/bts/Documents/Reports/ACCESS-Report-3-Solar-Market-Analysis-and-Trends-April-2021.pdf
https://doi.org/10.17226/11935
https://www1.eere.energy.gov/wind/pdfs/birds_and_bats_fact_sheet.pdf
https://www.cooperative.com/programs-services/bts/radwind/Pages/RADWIND-Survey-Report.aspx
https://www.cooperative.com/programs-services/bts/Documents/SUNDA/NRECA-Cooperative-Utility-Field-Manual-Volume-I-Final.pdf
https://www.cooperative.com/programs-services/bts/Documents/SUNDA/NRECA-Cooperative-Utility-Field-Manual-Volume-I-Final.pdf
https://www.nrel.gov/docs/fy13osti/56386.pdf

Value Case for Distributed Wind in Co-op Areas

Orrell, A. 2021. Use Cases for Distributed Wind in Rural Electric Cooperative Service Areas. NRECA
Research, Arlington, Virginia. Available at https://www.cooperative.com/programs-
services/bts/radwind/Documents/RADWIND-Use-Cases-Report-April-2021.pdf.

Priestley, T. 2011. An Introduction to Shadow Flicker and its Analysis. Available at:
https://windexchange.energy.gov/files/pdfs/workshops/2011/webinar_shadow_flicker_priestley.pdf

Reiman, A.P., J.S. Homer, B. Bhattarai, and A.C. Orrell. 2020. Quantifying technical diversity benefits
of wind as a distributed energy resource. 2020 IEEE Power Energy Soc. Innov. Smart Grid Technol.
Conf. ISGT 2020. https://doi.org/10.1109/ISGT45199.2020.9087665.

St. John, J. 2020. “‘Game-Changer’ FERC Order Opens Up Wholesale Grid Markets to Distributed
Energy Resources.” GreenTechMedia, September 17, 2020. Available at
https://www.greentechmedia.com/articles/read/ferc-orders-grid-operators-to-open-wholesale-markets-to-
distributed-energy-resources.

USFWS — U.S. Fish & Wildlife Service. 2012. U.S. Fish and Wildlife Service Land-Based Wind Energy
Guidelines. Available at: https://www.fws.gov/ecological-services/es-library/pdfs/weg_final.pdf

Wang Z., J. Li, W. Yang, and Z. Shi. 2012. Impact of Distributed Generation on the power supply
reliability. IEEE PES Innovative Smart Grid Technologies, 2012, pp. 1-5. Available at
https://ieeexplore.ieee.org/document/6303172.

Wiser, R., and M. Bolinger. 2020. Wind Energy Technology Data Update: 2020 Edition. Lawrence
Berkeley National Laboratory, Berkeley, California. Available at
https://emp.Ibl.gov/sites/default/files/2020_wind_energy technology data_update.pdf.

Wolf, T., M. Whited, E. Malone, T. Vitolo, and R. Hornby. 2014. Benefit-Cost Analysis for Distributed
Energy Resources: A Framework for Accounting for All Relevant Costs and Benefits. Prepared for the
Advanced Energy Economy Institute. Cambridge, Massachusetts: Synapse Energy Economics, Inc.
Available at http://www.synapse-energy.com/sites/default/files/Final%20Report.pdf.

Zhou, Z., T. Levin, and G. Conzelmann. 2016. Survey of U.S. Ancillary Services Markets. Argonne
National Laboratory. ANL/ESD-16/1Rev1. June 2016.
https://publications.anl.gov/anlpubs/2016/09/130102.pdf.

25


https://www.cooperative.com/programs-services/bts/radwind/Documents/RADWIND-Use-Cases-Report-April-2021.pdf
https://www.cooperative.com/programs-services/bts/radwind/Documents/RADWIND-Use-Cases-Report-April-2021.pdf
https://doi.org/10.1109/ISGT45199.2020.9087665
https://www.greentechmedia.com/articles/read/ferc-orders-grid-operators-to-open-wholesale-markets-to-distributed-energy-resources
https://www.greentechmedia.com/articles/read/ferc-orders-grid-operators-to-open-wholesale-markets-to-distributed-energy-resources
https://www.fws.gov/ecological-services/es-library/pdfs/weg_final.pdf
https://ieeexplore.ieee.org/document/6303172
https://emp.lbl.gov/sites/default/files/2020_wind_energy_technology_data_update.pdf
http://www.synapse-energy.com/sites/default/files/Final%20Report.pdf
https://publications.anl.gov/anlpubs/2016/09/130102.pdf

