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Abstract 

Background: Distributed wind energy adoption in the United States can contribute to the diverse portfolio of 
energy technologies needed to achieve ambitious decarbonization goals. However, with limited deployment to date, 
the current distributed wind market must be better understood; these efforts will support the range of stakeholders 
who will drive successful deployment. This article first distinguishes three categories of distributed wind from existing 
literature: (1) behind the meter, (2) intended for explicit local load, and (3) physically distributed. A novel methodology 
to classify individual wind installations into each of these categories is then presented and applied to two data sets of 
wind installations in the United States to categorize and illuminate distinct segments in the distributed wind market.

Results: Physically distributed installations, constituted by small to moderately sized projects serving local loads on 
distribution systems solely because of their proximity to them, account for the highest amount of capacity but the 
lowest number of installations out of the three categories. The inverse is true for behind-the-meter installations, which 
are used to serve on-site loads. Installations intended for explicit local load, which are interconnected on the utility 
side of the distribution system and intentionally built to provide energy to loads on the same distribution system, rank 
in the middle for both installed capacity and number of installations.

Conclusions: Distributed wind energy deployment in the United States is geographically widespread, but the extent 
to which a single category is developed in each state varies. Policies, wind resources, and broad energy technol-
ogy trends contribute to these deployment patterns. By identifying the extent to which each category of installa-
tions exists, decision-makers are empowered with data necessary to tailor research and development programs and 
address stakeholder priorities through policy and other means, ultimately supporting future deployment.
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Background
As societies aim to decrease carbon emissions from the 
energy sector and enhance energy access [1, 2], the world 
is witnessing an increase in distributed energy resource 

adoption.1 In the United States, the predominant dis-
tributed energy resource is rooftop solar photovoltaics 
(PV) [3]. While non-distributed, utility-scale wind energy 
technologies have seen significant deployment and 
declining costs in recent years [4], the same trends have 
not been observed for distributed wind. Installation costs 
and siting challenges [5–8] persist as some of the reasons 
distributed wind has not experienced parallel growth 
with distributed solar PV. Ambitious decarbonization 
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and energy access goals may, however, require a broader 
array of renewable energy solutions. Energy generation 
facilities that are tailored to better serve end-users and 
local communities with accompanying smart technolo-
gies, hybridization, and energy storage are likely to play 
a large role in the array of future solutions. These tailored 
generation facilities are particularly relevant within the 
context of emerging concepts, such as energysheds and 
smart local energy systems [9, 10].

The general characteristics of distributed generation 
and distributed energy resources, including distributed 
wind, are typically understood and agreed upon, but 
specific definitions vary [11–14]. The variability in defi-
nitions leaves gaps and vagueness that erode important 
nuances affecting decision outcomes. Per existing lit-
erature, distributed wind energy installations are classi-
cally identified by their relatively small installed capacity, 
their supply of energy to loads on distribution systems or 
off-grid applications, and their proximity to where their 
energy is consumed [6, 15–17]. These identified charac-
teristics give way to three categories of distributed wind 
installations, which we distinguish as (1) behind the 
meter, (2) intended for explicit local load, and (3) physi-
cally distributed.

Behind-the-meter installations are used to serve on-site 
loads interconnected to a distribution system behind a 
customer’s meter and are typically sized to meet that par-
ticular load [6, 16, 17]. Behind-the-meter installations are 
often enrolled in net metering programs that compen-
sate the owner for the excess electricity that is exported 
to the electric grid [18]. In comparison, distributed wind 
installations intended for explicit local load include pro-
jects that are interconnected on the utility side of the 
distribution system as opposed to the customer side of 
the meter. This type of project can also be referred to as 
a front-of-the-meter installation. These projects are spe-
cifically built to provide energy to a nearby load or loads 
interconnected to the same distribution system. Finally, 
physically distributed installations are those that natu-
rally meet the defining characteristics of distributed wind 
through their relatively small size and proximity to loads; 
however, these facilities have not been developed behind 
the meter or with the explicit intention to serve a local 
load.

For distributed wind to play a larger role in a more 
diverse distributed energy future, the existing distrib-
uted wind market must first be understood and appropri-
ately categorized as a baseline. This baseline assessment 
is critical to inform research and development efforts 
needed for the range of stakeholders who will drive suc-
cessful deployment. Research and development priorities 
range from technical assessments of the wind resource 
[8] and optimizing wind turbine model designs [19] to 

conducting direct market and policy analysis [16]. Wind 
turbine manufacturers and project developers need to 
understand where their technologies and business mod-
els fit in the market, respectively. They also need to know 
what the future outlook of the market is, and what poli-
cies and incentives are available for use [16]. Moreover, 
decision-makers and policymakers, particularly at the 
state level, can review the categorizations to understand 
the implications their policies have on distributed wind 
deployment and whether or not any policy changes are 
needed to achieve their clean energy goals.

Although agencies and organizations that fund dis-
tributed wind deployment are required to define dis-
tributed wind to administer their programs [6, 11–15], 
wind installations are not often recorded and tracked in 
the United States in a way that aligns with the defining 
criteria of distributed wind. This makes it challenging 
to determine if a given wind installation is a distributed 
energy resource. For example, some public data organi-
zations only track distributed resource capacity in aggre-
gate at the utility level [20] or the distribution voltage 
of individual projects [21], but these characteristics are 
insufficient to identify the different categories of the 
market.

The range of applications in which distributed wind 
energy technologies can be deployed, the number and 
size of wind turbines in an installation, and the ways in 
which distributed wind installations can be intercon-
nected to the electric grid make characterizing and cat-
egorizing the distributed wind market difficult. This 
challenge is further compounded by the absence of a 
distinct definition for distributed energy resources. The 
complexity of the task along with the dearth of clear 
definitions, boundaries, and categories works against 
the sophisticated understanding that would help inform 
policies and research and development to enable new 
deployment. Previous efforts to characterize the wind 
energy market have analyzed turbine and project capac-
ity, turbine size, and location of the project by state [4, 
22]. Distributed wind market characterizations have only 
focused on behind-the-meter and front-of-the-meter 
distributed wind installations [23]. No previous efforts 
have provided a step-by-step method to characterize the 
entire distributed wind market into behind-the-meter, 
intended for explicit local load, and physically distributed 
categories.

The distributed wind identification methodology pre-
sented in this paper addresses this gap. It provides a sin-
gular, methodical way to categorize existing distributed 
wind installations to bridge the gap between broadly 
understood definitions that might lack important speci-
ficity and helpful information to support the full realm 
of research, development, and stakeholder priorities in 
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the distributed wind community. The methodology uses 
publicly available data to categorize individual distrib-
uted wind installations as behind the meter, intended for 
explicit local load, or physically distributed. By under-
standing the extent to which each of these categories of 
distributed wind has been deployed in the United States, 
research and development efforts can be tailored accord-
ingly, policies can be evaluated and adjusted as needed, 
and industry stakeholders can shape their business strat-
egies based on a defined market.

In this paper, the distributed wind identification meth-
odology is demonstrated by applying it to two existing 
data sets of wind installations in the United States: the 
Pacific Northwest National Laboratory (PNNL) Project 
Data Set [24] and the United States Wind Turbine Data-
base (USWTDB) [25]. The combination of these two data 
sets provides the most comprehensive, publicly avail-
able list of installation-level information for wind energy 
projects in the United States. A breakdown of the U.S. 
distributed wind market is then presented by installed 
capacity and number of installations in each of the 
defined distributed wind categories. States with signifi-
cant deployment are highlighted to enable a discussion of 

potential driving factors for deployment trends before the 
practical benefits of the methodology are established and 
avenues for future work are explored.

Methods
To develop a standardized methodology for categoriz-
ing different segments of the distributed wind market 
in the United States, it is necessary for installations to 
be considered under the three defining characteristics 
of distributed wind—(1) relatively small installed capac-
ity, (2) supply energy to loads on the same distribution 
systems or in off-grid applications, and (3) close prox-
imity to where the energy is consumed [6, 15–17]. An 
installation is assigned to a category of distributed wind 
based on how it fulfills those defining characteristics. 
The distributed wind identification methodology can be 
thought of as a step process (see Fig. 1) that asks a series 
of questions to determine if an installation is behind 
the meter, intended for explicit local load, or physically 
distributed. If an installation does not meet the require-
ments of the methodology, it is not considered a distrib-
uted wind installation. The order of the questions in the 
distributed wind identification methodology is critical, 

Fig. 1 Distributed wind identification methodology flow diagram
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unless otherwise stated, because the categorizations are 
established based on the cumulative information known 
about each installation. The methodology is designed to 
be applied to a data set of individual wind energy instal-
lations, where each installation (with one or many wind 
turbines) is considered independently.

Application
The distributed wind identification methodology was 
applied to installations in the PNNL Project Data Set [24] 
and the USWTDB [25]. The USWTDB tracks all land-
based and offshore wind turbines with a focus on tur-
bines greater than 100 kW in capacity. Turbines installed 
from 2001 through 2021 were considered in this applica-
tion of the methodology. In comparison, the PNNL Pro-
ject Data Set is dominated by installations smaller than 
what is contained in the USWTDB, focusing on distrib-
uted wind installations dating from 2003 up through 
2021. While PNNL’s Project Data Set tracks distributed 
wind installations, the data set was compiled based on 
general characteristics of distributed wind rather than 
with a step-by-step, defined methodology. Applying 
the distributed wind identification methodology to the 
installations in the PNNL Project Data Set categorizes 
those installations and verifies they meet the defining 
characteristics of distributed wind. In combination, the 
USWTDB and PNNL Project Data Set have turbines 
ranging in size from 160 W to 6 MW.

Some of the same projects are included in both the 
USWTDB and PNNL’s Project Data Set. The USWTDB 
tracks individual wind turbines, whereas the PNNL Pro-
ject Data Set aggregates turbines by project. The turbines 
in the USWTDB were aggregated to the project level 
before the installed capacity, number of turbines, and 
names of each project in the two data sets were compared 
to identify duplicate entries. Duplicate entries were then 
manually resolved before the distributed wind identifica-
tion methodology was applied to the reconciled data set.

The individual steps of the distributed wind identi-
fication methodology (per Fig.  1) that were answered 
for each of the installations in the combined PNNL–
USWTDB project data set are detailed in the subsec-
tions that follow. Each step includes guidelines on how 
to answer the question, drawing upon industry data and 
best available practices. Every installation is assigned to a 
category of distributed wind or otherwise identified as a 
non-distributed installation.

Is the installation less than 50 MW?
Distributed wind installations are smaller in size than 
non-distributed, utility-scale wind farms. The accepted 
threshold for what constitutes relative smallness var-
ies in practice. The system size needs to not simply be 

small, but to be small relative to centralized power plants. 
Two sources that define small installation sizes were 
referenced for this characteristic: the Federal Energy 
Regulatory Commission (FERC) and the Public Utility 
Regulatory Policies Act [26, 27].

FERC regulates the interstate transmission of electric-
ity, natural gas, and oil in the United States and defines 
small generators for the purpose of interconnection regu-
lations. In Order No. 842, FERC defines small generators 
as those up through 20 MW in size [27]. In comparison, 
the Public Utility Regulatory Policies Act considers small 
power generation facilities to be no greater than 80 MW 
in size [26]. Intended to support the use of renewable 
energy technologies and cogeneration after the energy 
crisis in the 1970s, the Public Utility Regulatory Policies 
Act established requirements for utilities to purchase 
electricity from small production plants and cogenera-
tion facilities [28].

A cutoff threshold of 50 MW was adopted in this study 
as a conservative compromise between those two sources 
and is implemented as the first question in the method-
ology. This question immediately removes installations 
that do not fit the size requirement for distributed wind 
without creating a narrow view on relative smallness. 
If an installation is 50  MW or greater, it is not consid-
ered distributed wind and the step-by-step process ends 
for the given installation. If an installation is less than 
50 MW, the installation moves to the second question in 
the methodology.

Is the installation part of or an addition to an existing 
or planned wind farm (i.e., non‑distributed wind 
installation that is greater than or equal to 50 MW)?
In addition to setting a size threshold for distributed 
wind energy projects, it is critical to remove installations 
that might appear to fall below the 50-MW threshold but 
are actually expansions of larger facilities. Question two 
in the methodology addresses this possibility and speaks 
to how large wind energy installations can be developed 
in phases of varying size. This question eliminates instal-
lations that, when combined with other development 
phases, exceed the original size threshold of 50 MW. This 
question can most often be answered by reviewing past 
records on the installation’s other phases as well as news 
articles. Sometimes the installation names (e.g., Windy 
Point Phase 3) and locations can also indicate this type 
of occurrence. Wind turbines that are part of, or are an 
addition to, an existing or planned installation that is 
greater than or at the 50-MW threshold are removed 
from the assessment at this step. While this question is 
listed second in the methodology, in practice, it could 
be switched with question three and produce the same 
results.
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Is the installation located behind the meter?
Net metered installations, which make up a large por-
tion of behind-the-meter installations, are well-tracked 
throughout the United States [20], but not all behind-
the-meter installations are enrolled in net metering 
programs. To identify whether an installation is located 
behind the meter, installer reports, news stories, and pro-
ject names can provide the needed information. Most 
installations located behind the meter are particularly 
small in size, much less than 50 MW. Thus, if the answer 
to the third question in the methodology is “yes” (i.e., the 
installation is behind the meter), the installation readily 
meets the other two characteristics of distributed wind 
(i.e., supply energy to loads on distribution systems and 
close proximity to where the energy is consumed). If an 
installation is identified as behind the meter, it is assigned 
to the behind the meter distributed wind category. If the 
response to the third question is “no”, the installation 
moves to question four in the methodology.

Does the installation provide electricity to an explicit local 
load?
Compared to behind-the-meter installations, it is more 
challenging to identify installations that are intended 
for explicit local loads, because the objective of the pro-
ject’s implementation must be addressed, which could be 
a qualitative matter. While the term local is subjective, a 
local load is considered one that is on the same distribu-
tion system as the wind installation within the context of 
the distributed wind identification methodology. News 
stories and installer reports often include information 
about the intent of the project, but direct consultation 
with owners and developers can also provide insight into 
this aspect of an installation’s development. Wind pro-
jects built to serve specific communities tend to be par-
ticularly well-documented in the media. Two 10.5-MW 
wind projects interconnected to the Iowa Lakes Electric 
Cooperative distribution system are considered example 
projects for other electric cooperatives to study. These 
installations provide electricity to ethanol plants on the 
cooperative’s distribution system while keeping costs 
down for all members [29].

By reaching question four and being categorized as 
intended for explicit local load, an installation has met 
the defining requirements of distributed wind; it is under 
the size threshold and provides electricity to proximal 
loads on a distribution system. If an installation can-
not be identified as providing energy for an explicit 
local load, the installation moves to question five in the 
methodology.

Double Check: Is the installation less than 10 MW or does it 
contain fewer than 10 turbines?
Before evaluating the proximity to load to determine if a 
project is physically distributed, the fifth question in the 
methodology is a double-check for installations that are 
10 MW or less or contain fewer than 10 wind turbines. 
While a threshold of 50 MW was used to eliminate large, 
centralized wind farms, smaller installations will likely be 
located behind a customer meter or developed explicitly 
for a local load. This warrants additional effort to verify 
that small installations, with respect to installed capac-
ity or number of turbines, have not been overlooked in 
either of these categories. If the small installation can still 
not be categorized as either behind the meter or intended 
for explicit local load after additional investigation, it 
proceeds to the sixth question.

Is the installation within 10 km of a census‑designated 
place, city, or incorporated place?
Interconnection voltage levels, on their own, are not a 
sufficient measurement for categorizing distributed wind 
installations. The distribution voltage does not directly 
correlate to project size or proximity to load. Many wind 
installations in the United States use distribution-level 
interconnections to reach larger transmission lines to 
distribute energy at the bulk level rather than to service 
local loads [30, 31].

In addition, once electrons enter the electric grid, it is 
not possible to track, where they end up or what loads 
they serve, which can make defining proximity to load 
challenging. Given these constraints and the more read-
ily available information about turbine locations, a geo-
graphic information system assessment is employed to 
assess physically distributed projects. This criterion is 
evaluated in the sixth question of the methodology: Is the 
installation within 10  km of a census-designated place, 
city, or incorporated place? Census-designated places, 
cities, and incorporated places are used as a proxy for 
load. A threshold of 10 km was selected after an analysis 
of wind turbine locations in the USWTDB [25] showed 
that 98% of turbines are within 30  km of a census-des-
ignated place, city, or incorporated place. In comparison, 
only 55% were within 10 km of one of those locations and 
17% were within 5 km. Population size was initially con-
sidered in this process but ultimately not included in the 
distributed wind identification methodology because the 
size of the installation relative to load is not addressed 
within this work.

Thus, to answer the sixth question, an overlay analysis 
is performed in ArcGIS between turbine locations and 
census-designated places, cities, and incorporated places 
as identified in the U.S. Census Bureau’s 2012–2016 
American Community Survey 5-Year Estimates [32]. 
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While the two previous categories of distributed wind 
use qualitative information for categorization, the final 
category relies on knowing the location of the turbines 
relative to proxy loads. This final category captures dis-
tributed wind installations that were not developed with 
the intention of serving as a distributed energy resource. 
If an installation reaches this question in the methodol-
ogy and is within 10  km of a census-designated place, 
city, or incorporated place, it is categorized as physically 
distributed. Physically distributed installations are under 
the 50  MW size limit, have met the proximity to load 
requirement through the geographic information sys-
tem analysis, and are likely provide electricity to loads on 
nearby distribution networks because of their proximity 
to a city and the physics of electron flow. If an installation 
does not meet this final requirement in the methodology, 
it is not counted as distributed, and the process ends for 
the given installation.

Results
Of the installations in the reconciled data set cre-
ated from the USWTDB and PNNL’s Project Data Set, 
the methodology indicates there are approximately 
3326  MW of distributed wind installed in the United 
States from 2461 installations. For the 2461 installa-
tions identified, the state in which they were located was 
known for all but three of the installations. The installed 
distributed wind capacity is spread across all 50 states, as 

shown in Fig. 2. Minnesota, Iowa, California, Pennsylva-
nia, Texas, and Michigan have seen the highest rates of 
distributed wind energy deployment on a capacity basis. 
Of the 3326  MW installed, 71% comes from physically 
distributed installations, with explicit local load instal-
lations contributing to slightly more than half of the 
remaining 29%. Behind-the-meter installations contrib-
ute the least amount of capacity to the distributed wind 
energy market in the United States.

A breakdown of the categories of distributed wind in 
each of the six states that have seen the highest deploy-
ment is shown in Fig.  3; the full categorization by state 
is provided in Table 1. Minnesota has installed the great-
est amount (406  MW) of distributed wind in physically 
distributed applications, followed by Pennsylvania and 
California. Iowa has seen the most capacity deployed in 
installations intended for explicit local load (168  MW), 
followed by Minnesota (108  MW). California has seen 
the most capacity (69  MW) deployed in behind-the-
meter applications.

When the market is considered by number of instal-
lations rather than installed capacity, the opposite trend 
is seen. Approximately 87% of project installations are 
located behind the meter, with explicit local load mak-
ing up a modest majority of the remining 13% of instal-
lations. The distribution of cumulative distributed wind 
deployment by number of installations is shown in Fig. 4, 
and Table 2 lists the number of projects in each state by 

Fig. 2 Cumulative installed distributed wind capacity in the United States from 2001 to 2021
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distributed wind category. Iowa, New York, and Minne-
sota have seen the greatest number of distributed wind 
installations, with none of the remaining states reaching 
even 50% of the number of installations seen within any 
of those top three states.

The observed trends in installed capacity versus num-
ber of installations in each category is not unexpected. 
Installations developed behind the meter are generally 
much smaller in size than those developed for explicit 
local load and physically distributed installations, as 
shown in Table 3. The installations that were categorized 
as behind the meter in this application of the methodol-
ogy were largely built to serve the loads from individual 
buildings, small farms, and schools, whereas installations 
developed for explicit local load were often at the com-
munity level, providing capacity to a utility’s service area. 
Physically distributed installations were void of a rela-
tionship to a specific load.

Discussion
Categories of distributed wind installations and capacity 
levels vary across the United States. A total of 3326 MW 
was identified using the distributed wind identification 
methodology, with 406  MW being behind the meter, 
550 MW intended for explicit local load, and 2370 MW 

being physically distributed. The categorization of these 
distributed wind projects across the country, through a 
replicable methodology, can inform research and devel-
opment efforts as well as address the range of stakeholder 
priorities that would allow for increased deployment. 
State policy-makers, wind turbine manufacturers, and 
project developers are key stakeholders who could benefit 
from this categorization. The significance of this catego-
rization for these stakeholders can be illustrated through 
the states that have seen high amounts of installed capac-
ity and high numbers of installations.

California has the largest installed capacity of behind-
the-meter installations (69  MW). While most behind-
the-meter installations are less than 40 kW in size, larger 
behind-the-meter projects that serve energy-intensive 
industrial loads were also identified. For example, one 
24-MW project for a cement plant in Tehachapi [33] 
accounts for 35% of California’s behind-the-meter capac-
ity. California has had several programs and incentives 
supporting the adoption of small and distributed energy 
resources, including the Emerging Renewable Program 
(ended in 2012) and the Self-Generation Incentive Pro-
gram (ended in January 2021) [34, 35]. Both programs 
provided cash incentives to distributed energy resource 
owners. The Emerging Renewable Program required 

Fig. 3 Distributed wind categories for the six states with the highest cumulative capacity of installed distributed wind
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wind turbines to be permanently interconnected to the 
distribution grid and serve customer loads, helping moti-
vate the installations of wind technologies behind the 
meter. Similarly, the Self-Generation Incentive Program 
targeted distributed energy resources located behind the 
customer meter explicitly. These two programs could 
serve as models to other states interested in sparking 
growth of the behind-the-meter sector or indicate to 
wind turbine installers and manufacturers that states 
considering these types of policies are future opportuni-
ties for behind-the-meter development.

New York’s high number of installations, but relatively 
low installed capacity value, is driven by the large num-
ber of behind-the-meter small wind installations (where 
small wind is defined as turbines up through 100 kW in 
capacity [36]) for small farm and residential customers 
in the state. The New York State Energy Research and 
Development Authority’s Small Wind Turbine Incen-
tive Program ran from 2009 through 2019. The program 
provided funding for over 300 turbine unit installations 
totaling more than 8  MW of deployed distributed wind 
capacity [23]. Other states interested in supporting 
behind-the-meter small wind could model their pro-
grams after New York’s.

In comparison, Iowa has significant capacity from 
explicit local load installations (168  MW). Strong wind 
resources, institutionalized support for distributed wind 
and other renewables via its incentive programs—such 
as its state production tax credit—and simple permit-
ting processes in rural areas [37] enable a strong market 
in Iowa for projects that serve explicit local loads. Wind 
project owners are only eligible for the state production 
tax credit if they sell the electricity to a third party. This 
is an incentive for distributed wind projects to intercon-
nect on the utility side of the distribution system and 
serve explicit local loads. Policy-makers that have simi-
lar strong wind resources in their state may consider 
replicating the permitting processes that Iowa has imple-
mented or introducing a similar tax credit to support the 
development of front-of-the meter installations.

Table 1 Installed capacity in each distributed wind category by 
 state2

State Behind the 
meter (kW)

Explicit local 
load (kW)

Physically 
distributed 
(kW)

Total (kW)

AK 4002 23,225 24,600 51,827

AL 2 – – 2

AR 104 – – 104

AZ 1083 – 10,000 11,083

CA 69,132 8482 275,010 352,624

CO 11,027 16,400 – 27,427

CT 115 5000 – 5115

DE 2002 – – 2002

FL 186 – – 186

GA 7 – – 7

HI 3586 – 68,160 71,746

IA 19,573 167,560 165,800 352,933

ID 31 – 143,600 143,631

IL 9186 12,950 – 22,136

IN 7350 1850 – 9200

KS 10,347 – 48,300 58,647

KY 80 – – 80

LA 60 – – 60

MA 54,787 27,400 45,150 127,337

MD 1150 – 70,000 71,150

ME 929 4500 55,800 61,229

MI 532 – 172,600 173,132

MN 27,501 107,780 406,330 541,611

MO 93 5000 – 5093

MS 2 – – 2

MT 1681 2000 38,000 41,681

NC 101 – – 101

ND 3355 – 31,380 34,735

NE 1825 33,850 36,000 71,675

NH 163 – 14,250 14,413

NJ 9098 – – 9098

NM 1500 34,750 27,300 63,550

NV 8955 – – 8955

NY 12,506 100 71,000 83,606

OH 57,969 7200 – 65,169

OK 1054 – 21,720 22,774

OR 357 225 46,500 47,082

PA 3414 – 305,600 309,014

RI 19,310 24,275 – 43,585

SC 11 – – 11

SD 1783 20 85,900 87,703

TN 7 2 27,000 27,009

TX 36,263 41,600 110,240 188,103

UT 3975 – 18,900 22,875

VA 397 – – 397

VT 954 10,225 30,000 41,179

WA 350 10,250 – 10,600

Table 1 (continued)

State Behind the 
meter (kW)

Explicit local 
load (kW)

Physically 
distributed 
(kW)

Total (kW)

WI 14,711 5100 – 19,811

WV 20 – – 20

WY 3826 – 20,700 24,526

Total 406,449 549,744 2,369,840 3,326,033
2  Individual capacity numbers for each state have been rounded to the whole 
number in tables. Totals reflect the summation before those values have been 
rounded
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Finally, the largest deployed capacity for physi-
cally distributed wind installations is in Minnesota 
(406  MW). In 2020, Minnesota saw nearly 30% of its 
in-state electricity generation come from renewables, 
with a large share of that from wind energy specifically 
[38]. It ranks among the top 10 states for its amount of 
wind-generated electricity [38] as well as total installed 
wind energy capacity, including non-distributed instal-
lations. Minnesota’s high capacity of physically distrib-
uted wind projects is at least partially attributable to its 
overall high installed wind capacity. However, the rela-
tionship between physically distributed installations 
and overall wind energy installations is varied.

Table  4 lists the total installed wind capacity in 
each state based on the projects reported in both the 
USWTDB and PNNL’s Project Data Set. While many 
states that have high amounts of physically distributed 
capacity also have significant capacity from non-dis-
tributed installations, there is not a direct correlation 
between the two. For example, Illinois and Colorado 
rank fifth and seventh in total installed wind capac-
ity, respectively, but neither state has any physically 
distributed projects. Furthermore, the percentage of 
total wind capacity that qualifies as physically distrib-
uted in states where it is present ranged from less than 
1% (Texas) to more than 93% (Tennessee). The average 
share of state-level total wind capacity that is physically 
distributed was 13%, while the median was 5%. Given 

this observed variability and skew in the data, drivers 
of high volumes of physically distributed capacity are 
presumably a function of multiple variables. Population 
density, topography, property parcel sizes and distribu-
tions, utility service territory characteristics, and other 
attributes of local wholesale power markets are likely 
among the drivers influencing the adoption of physi-
cally distributed wind installations.

Review of these distributed wind category distinctions 
can advise state policy-makers on how effective policies 
and programs have been in creating different distributed 
wind markets and in meeting clean energy goals. It can 
help them understand which size turbines are installed 
for what purpose, how many turbines are often seen in 
those applications, and how and where they are inter-
connected. It can also open opportunities to investigate 
other variables that have contributed to distributed wind 
deployment, such as the wind resource itself. Given the 
limited deployment of distributed wind technologies in 
the United States when compared to other renewable 
energy technologies such as distributed solar PV—which 
saw 4500 MW of capacity installed from systems under 
1  MW in size during 2020 alone [39]—understanding 
where distributed wind has been successful is critical for 
supporting future deployment. It can also help identify 
why there are deployment differences across the states so 
that one may learn from another.

Fig. 4 Number of distributed wind installations in each state from 2001 to 2021



Page 10 of 13Preziuso et al. Energy, Sustainability and Society           (2022) 12:31 

This categorization can also help wind turbine manu-
facturers and project developers understand, where their 
companies fit within the different market categories and 
which policies and incentives would be applicable to 
their business models. For example, some project devel-
opers’ business models are to build, own, and operate a 
wind turbine and sell the electricity to a single customer 
through a power purchase agreement. The wind turbine 
can either be behind the meter or interconnected on 
the utility side of the distribution system. The project 
developer could pick which states to operate in based on 
which interconnection type the state’s policies and incen-
tives favor (e.g., Iowa but perhaps not Michigan). A wind 
turbine manufacturer seeking investor capital to fund a 
new turbine model, in comparison, could assess the mar-
ket to show potential investors target markets for their 
technology and the extent to which they prevail across 
the country.

There are several limitations within this study and the 
distributed wind identification methodology, however; 
some of these limitations create future research oppor-
tunities. While the methodology relies on publicly avail-
able information, such as news reports and the location 
of wind turbines, institutions that collect data on distrib-
uted energy resources may not track installation-specific 
details. For this reason, off-grid distributed wind instal-
lations are not captured through the methodology and 
subsequent analysis, since they are not well-documented 
throughout the country. In addition, several organiza-
tions, such as the U.S. Energy Information Administra-
tion, only publish aggregated information and limited 
project-level details about distributed energy resources 
[20, 21]. These data are in formats that do not fit into 
the methodology, because collecting highly detail infor-
mation is not within their objectives. Granular informa-
tion about wind installations can be time-consuming to 
obtain. In addition, much of the information about dis-
tributed wind energy deployment is collected by state 
agencies, turbine manufacturers, project developers, and 
utilities [16]. Some of these entities are better equipped 
than others to track this information or have distinct 
motivations for collecting different data points, poten-
tially creating discrepancies in the quality and quantity of 
detail across the country. The methodology is only as suc-
cessful as the data set to which it is applied.

Table 2 Number of installations in each distributed wind 
category by state

State Behind the 
meter

Explicit local 
load

Physically 
distributed

Total

AK 32 31 1 64

AL 1 – – 1

AR 2 – – 2

AZ 16 – 1 17

CA 74 3 9 86

CO 31 4 – 35

CT 2 1 – 3

DE 2 – – 2

FL 8 – – 8

GA 3 – – 3

HI 10 – 3 13

IA 419 48 6 473

ID 14 – 8 22

IL 81 7 – 88

IN 77 2 – 79

KS 65 – 1 66

KY 3 – – 3

LA 1 – – 1

MA 65 11 3 79

MD 9 – 2 11

ME 8 1 2 11

MI 23 – 6 29

MN 167 53 22 242

MO 4 1 – 5

MS 2 – – 2

MT 25 1 4 30

NC 23 – – 23

ND 8 – 2 10

NE 55 9 1 65

NH 13 – 1 14

NJ 9 – – 9

NM 1 3 1 5

NV 36 – – 36

NY 352 1 4 357

OH 72 2 – 74

OK 11 – 2 13

OR 10 1 4 15

PA 38 – 9 47

RI 13 9 – 22

SC 4 – – 4

SD 24 1 4 29

TN 3 1 1 5

TX 39 7 9 55

UT 11 – 1 12

VA 37 – – 37

VT 33 4 1 38

WA 19 2 – 21

WI 90 2 – 92

Table 2 (continued)

State Behind the 
meter

Explicit local 
load

Physically 
distributed

Total

WV 2 – – 2

WY 99 – 2 101

Total 2146 205 110 2461
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Furthermore, because many qualitative data points are 
used to determine if installations are behind the meter 
or used for explicit local load, a large influx in installa-
tions, or even an increased cutoff threshold for question 
two in the methodology, would exponentially increase 
the amount of work to make those categorizations using 
the presented methodology. The methodology limits this 
labor to two individual steps for identifying installations 
that are behind the meter and intended for explicit local 
load, but overall, this would still prove time-consuming. 
Ways to incorporate different data sets and standardize 
and streamline the process further are potential areas of 
future work. Finally, closeness to load was determined 
through a proxy value with census-designated places for 
physically distributed installations. Future work evaluat-
ing the size of loads relative to generation capacity could 
be explored to improve upon this proxy value.

Conclusions
This work presents a methodology for identifying and 
categorizing distributed wind energy installations. By 
combining the three defining characteristics of distrib-
uted wind—(1) small compared to centralized wind 
farms, (2) supply energy to loads on distribution systems 
or off-grid applications, and (3) proximity to load—in a 
sequential, replicable methodology, wind installations 
can be categorized as either behind the meter, intended 
for explicit local load, or physically distributed, and the 
state in which they have been installed can be tracked. 
This methodology helps overcome the range of existing 
definitions for distributed wind and the applications in 
which they are installed, enabling a nuanced perspective 
on the distributed wind energy market that other existing 
analyses and data sources lack.

Understanding the extent of the market within each 
of these categories empowers researchers and decision-
makers with the data necessary to support future dis-
tributed wind deployment. It provides the information 
needed to tailor research and development programs 
and address stakeholder priorities through policies and 

Table 3 Installation capacity statistics by distributed wind 
category. All capacity values are in kW

Behind the 
meter (kW)

Explicit local 
load (kW)

Physically 
distributed 
(kW)

Minimum 0.16 1.9 1500

First quartile 2.6 750 10,125

Median 10 1600 20,000

Third quartile 39.4 3375 30,000

Maximum 24,000 30,000 49,500

Table 4 Total installed wind capacity (distributed categories plus 
non-distributed wind from PNNL’s Project Data Set and USWTDB)

State Capacity (kW) Ranking

AK 72,282 37

AL 2 49

AR 104 44

AZ 615,383 27

CA 5,834,300 6

CO 4,878,702 7

CT 5815 41

DE 2002 42

FL 186 43

GA 7 48

HI 236,846 29

IA 11,801,863 2

ID 972,531 24

IL 6,381,631 5

IN 3,151,110 13

KS 7,324,057 4

KY 80 45

LA 60 46

MA 135,747 35

MD 191,150 32

ME 996,129 23

MI 3,225,232 12

MN 4,561,831 8

MO 2,091,843 18

MS 2 50

MT 1,115,991 21

NC 208,101 31

ND 4,268,175 9

NE 2,672,901 17

NH 214,213 30

NJ 9098 40

NM 2,838,260 16

NV 160,755 33

NY 2,083,334 19

OH 1,111,769 22

OK 9,768,519 3

OR 3,765,092 10

PA 1,459,214 20

RI 79,685 36

SC 11 47

SD 2,856,877 15

TN 28,989 28,989

TX 34,594,853 1

UT 390,700 28

VA 12,397 39

VT 150,829 34

WA 3,396,200 3,396,200

WI 737,266 26

WV 742,020 25

WY 3,136,836 25
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dissemination of market information. The development 
of this methodology also opens researchers’ ability to 
identify research and development priorities specific 
to the different categories. For example, future research 
could examine what type of loads and end-users may 
benefit the most from physically distributed wind pro-
jects or the intersection of behind-the-meter projects 
with urbanization. Understanding the current distributed 
wind energy market and categorizations is necessary to 
meet the existing research and development priorities 
of the distributed wind community and understand how 
distributed wind energy may evolve in the future to allow 
for increased deployment.
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