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science-based organizations, academia, governmental
agencies, and environmental stewardship organizations.
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The U.S. Department of Energy’s (DOE’s) Wind
and Water Power Technologies Office led the Wind
Vision analysis, a broad-based collaborative with four
principal components:

Documentation of the current state of wind
power in the United States and identification of
key technology accomplishments and trends over
the past decade;

2.

Exploration of the potential for wind power to
contribute to the future electricity needs of the
nation, including objectives such as reduced
carbon emissions, improved air quality, and
reduced water use;

3.

Quantification of costs, benefits, and other
impacts associated with continued deployment
and growth of U.S. wind power; and

4.

Documentation of actions and future
achievements that could support continued
growth in the use and application of windgenerated electricity.

Understanding the Future
Potential for Wind Power

D

Wind power is a cost-effective power source in
regions with substantial wind resource potential,
supplying 4.5% of the nation’s end-use electricity
demand in 2013. Since the 2008 publication of the
DOE report 20% Wind Energy by 2030,1 the industry
has scaled its domestic manufacturing capacity,
installed a record 13 gigawatts (GW) in 2012, and
driven down wind levelized cost of electricity (LCOE)
by more than one-third. Given the updated market
environment and the industry accomplishments since
the 2008 report, DOE sought to revisit, update, and
expand the analysis from 20% Wind Energy by 2030.
Led by DOE, the Wind Vision team comprised more
than 300 energy experts with an array of specialties
and included grid operators, the wind industry,

1 http://energy.gov/eere/wind/20-wind-energy-2030-increasing-windenergys-contribution-us-electricity-supply
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The Wind Vision team modeled Business-as-Usual
(BAU) conditions using current and projected data
from the Energy Information Administration’s Annual
Energy Outlook 2014 and broader literature to explore
wind power’s potential.2 BAU conditions modeled
a future scenario under federal and state policies
current and legislated as of January 1, 2014. A large
set of sensitivity analyses of BAU conditions were
performed to understand the impacts of projected
energy demand, fossil fuel costs, and wind power
costs on future wind deployment levels (Figure 1).
This modeling was used to identify future wind
scenarios that could be achieved by leveraging
existing manufacturing capacity and through further
technology innovation.
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Figure 1. BAU conditions and sensitivities using high fossil fuel
prices and low wind technology costs. Under BAU conditions,
wind deployment is stagnant until 2030. Conditions of low wind
technology costs and/or high fossil fuel prices, however, can
accelerate deployment growth and result in outcomes nearing 10%
wind by 2020, 20% wind by 2030, and 35% wind by 2050.3

2 Modeling was completed with the National Renewable Energy
Laboratory’s Regional Energy Deployment System Model (ReEDS).
http://www.nrel.gov/analysis/reeds/
3 Low wind technology costs start at median 2013 costs and then decline
16% by 2020, 32% by 2030, and 37% by 2050. High fuel costs use the
Low Oil and Gas Resource and High Coal Cost Case from Annual Energy
Outlook, 2014.

however, this brochure primarily presents impacts
for a single central case. The Central Study Scenario
applies BAU technology cost and performance, fuel
pricing, and policy assumptions, but is distinguished
from BAU modeling by its reliance on the Study
Scenario wind trajectory (10% by 2020, 20% by 2030,
and 35% by 2050).
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The Wind Vision Study Scenario is represented by
wind energy penetration levels of 10% by 2020, 20%
by 2030, and 35% by 2050, as a share of total U.S.
electricity demand (Figure 2). The Study Scenario
was used to calculate the costs, benefits, and other
impacts associated with continued wind deployment.
In the full report, many of the results emphasize
outcomes across the full range of sensitivities;
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Figure 2. The Wind Vision Study Scenario, with contributions from land-based and offshore technology.

Impacts from the Study Scenario are compared to a
Baseline Scenario, in which wind capacity is fixed at
2013 levels. Resulting differences in outcomes based
on this design feature (e.g. transmission expansion,
electricity prices, fossil generation) are evaluated and
attributed specifically to wind power deployment.
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The Wind Vision Study
Scenario is Viable

technology costs and industry supply chain), as
well as infrastructure and institutional changes that
would need to occur in the electric power sector
(e.g. transmission expansion, grid integration). These
findings are summarized in Table 1. The Study Scenario
is achievable, but challenges and uncertainties remain
given today’s market conditions.

DOE examined the viability of the Study Scenario
through several lenses, including an assessment of
the available natural resources (e.g. wind and land
area), the required industry changes (e.g. wind
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Table 1. Requirements and Feasibility Assessment of the Study Scenario.

Framework of the Study Scenario1
20% Wind by 2030

35% Wind by 2050

110 (Land)
3 (Offshore)
113 (Total)

200 (Land)
20 (Offshore)
220 (Total)

320 (Land)
85 (Offshore)
405 (Total)
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Installed Capacity (GW)

10% Wind by 2020

Viability of the Study Scenario

The nation has abundant wind resources on land and offshore. Current estimates indicate that the gross
resource potential is more than 10 times our current electric sector capacity. The Study Scenario would utilize
less than 5% of the country’s available wind resource potential.

Wind Resources

Land Area

Geographic Diversity

Most of the land used for a wind plant can continue to support activities such as farming, ranching, and
forestry. Total land area occupied by wind plants in the Study Scenario equates to about 106,000 km2, which
is less than 1.5% of the total land area of the contiguous United States. The actual land area within wind plants
that is occupied by wind turbines, roads, and other project infrastructure is approximately 3,200 km2 in 2050.
This comprises less than 0.05% of total contiguous U.S. area and is equivalent to less than one-third of total
land area occupied by U.S. golf courses today.
Wind power was deployed in 39 states as of the end of 2013. Continued expansion in the Study Scenario occurs
as offshore turbines are deployed in coastal states and advancements in land-based turbine technology emerge
to support lower-wind speed areas such as the Southeastern United States. By 2050, wind power is deployed in
all 50 states.

Transmission additions in the Study Scenario are estimated at approximately 900 circuit miles/year in
the 2020s and approximately 1,100 circuit miles/year from 2031 to 2050 (assuming a generic 900 MW
Transmission Expansion transmission line capacity equivalent to a single circuit 345 kV line). This is comparable to the average 900
circuit miles/year built since the early 1990s and the 3,800 circuit miles under construction today.

Grid Integration

Manufacturing and
Supply Chain

Wind Power Demand

The industry deployed 13 GW in 2012 and can support Study Scenario annual wind deployment levels that
average roughly 8 GW/year through 2020, 12 GW/year from 2021-2030, and 18 GW/year from 2031 through
2050. For the period of 2031-2050 repowering of the existing fleet constitutes a substantial share of annual wind
deployments.

In the Study Scenario, average new capacity additions remain below their 2012 peak (13 GW) through 2030.
While these levels of production are feasible, demand will hinge on various factors. In the near-term, wind
power demand is projected to fall due to unstable federal policy, reduced overall electricity demand, and low
natural gas prices.
A sensitivity analysis of BAU conditions that uses low wind costs (16% reduction in LCOE
by 2020, 32% by 2030, and 37% by 2050) largely delivers the Study Scenario wind penetration levels
(Figure 1). Wind LCOE has fallen by more than one-third from 2008 to 2013, but continued reductions
will depend on an array of variables including the presence of market conditions that are favorable for
continued R&D.
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Wind Power Costs

At the nationwide penetration levels of the Study Scenario, technological and institutional solutions would be
needed to increase system flexibility. However, many states in the country already operate with large amounts
of wind. Nine states operated with more than 12% wind generation levels and two additional states operated
with more than 25% wind generation levels in 2013.

1 The results presented in this table represent the outcomes of the Central Study Scenario. Multiple sensitivities of the Study Scenario are presented in the full
report. The quantities reported compare the Central Study Scenario against the Baseline Scenario.
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Table 2. Value and Benefits of the Study Scenario.

Impacts of the Study Scenario by 2050: Costs, Benefits and Value Delivered1
Study Scenario electricity rates are expected to be 0.1 cents/kWh [less than 1%]
higher in 2030, but then decline by 2050, relative to the Baseline Scenario.
Across all years and an array of sensitivities, the rate differences between the
Study Scenario and Baseline Scenario range ±0.6 cents/kWh [5%].

By 2050:
0.3 cents/kWh [2%] savings

In the Study Scenario, savings from reduced fossil fuel purchases among
other sources help drive long-term savings. Power system costs include
capital, operations and maintenance (O&M), and fuel costs for all generation,
storage, and transmission modeled in the power sector.

Cumulative 2013-2050:
$149 Billion [3%] savings

Greenhouse Gas
(GHG)3

The electricity sector is the largest source for GHG emissions nationally. By
2050, cumulatively the Study Scenario reduces GHG emissions by 12.3 gigatons CO2-equivalents, compared with the Baseline Scenario. These reduced
emissions help avoid costs incurred from climate change damages.

Cumulative 2013-2050:
$400 Billion in avoided global
climate change damages

Public Health and
Air Quality4

Traditional fossil fuel power plants emit pollutants such as particulate matter
(PM), nitrous oxides (NOX), and sulfur dioxide (SO2) that can result in mortality,
morbidity, and economic damages due to reduced air quality. The Study
Scenario reduces these pollutants, eliminating 22,000 premature deaths and
reducing overall economic damages from air pollution.

Cumulative 2013-2050:
$108 Billion in avoided health
and economic damages from
air pollution

Water

Water consumption refers to water that is used and not returned to its
source. Water scarce regions like the Southwestern U.S. can benefit from reduced water consumption by the power sector. In the Study Scenario, water
consumption is reduced 4% by 2020 and 11% by 2030.

By 2050:
260 Billion gallons
[23%] saved

Jobs5

Gross job estimates include direct, indirect, and induced jobs. There were
50,000 direct and indirect wind jobs in 2013. By 2030, gross jobs reach
approximately 230,000.

By 2050: approximately
600,000 gross jobs supported
by wind investments

Higher levels of wind deployment place downward price pressure on natural
gas. For consumers of natural gas outside the electricity sector, the Study
Scenario delivers savings through lower bills. Higher levels of wind deployment
also reduce long-term natural gas price risk to the overall electricity portfolio.

Cumulative 2013-2050: $280
Billion saved for consumers
By 2050: Total electric system
costs are 20% less sensitive to
natural gas price fluctuations

Land owners receive lease payments when wind plants are located on or near
their property. These payments grow from $350 Million in 2020 to
$650 Million in 2030.

By 2050: $1.0 Billion annually

Local communities collect taxes from wind plants. In 2020, these tax
payments total $900 Million and by 2030 reach $1.7 Billion.

By 2050: $3.2 Billion annually
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Electricity Rates for
Consumers

Power System Costs2

Natural Gas

Local Impacts
Local Revenues

Public Acceptance
and Wildlife

Careful siting, continued research, thoughtful public engagement, and an emphasis on optimizing coexistence
can support continued responsible deployment that minimizes or eliminates negative impacts to wildlife and
local communities.

D

1 The results presented in this table represent the outcomes of the Central Study Scenario. Multiple sensitivities of the Study Scenario are presented in the full
report. The quantities reported compare the Central Study Scenario against the Baseline Scenario.
2 Present value of total electric system expenditures between 2013 and 2050 using a 3% discount rate.
3 Greenhouse gas estimates are based on a life-cycle assessment. Monetized value estimated using the Interagency Working Group’s Social Cost of CO2
methodology, using the 3% discount rate.
4 Air pollution benefits were calculated using several methodologies in the full report. The Environmental Protection Agency’s (EPA) “low” estimate is
presented here as the central case.
5 Direct jobs include manufacturing, installation, construction, and operations and maintenance jobs. Indirect jobs include roles such as attorneys, educators,
and analysts in the wind industry. Induced jobs refer to jobs at restaurants, gas stations, and other local businesses that receive additional revenues from the
economic activity of a wind plant. The estimates are dependent on the levels of domestic content in the wind turbine equipment.
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The Wind Vision Roadmap:
A Pathway Forward

One of the great challenges the United States faces
in the 21st century is transitioning to a secure, clean
energy power system. The environmental attributes
of wind power can address key societal challenges
such as climate change, air quality and public health,
and water scarcity. High levels of wind deployment
can also provide jobs and additional revenues in local
communities to strengthen and support a transition
towards a low-carbon economy. Table 2 illustrates
some of the environmental and economic benefits
delivered by the Study Scenario.

The Wind Vision analysis concludes that the Study
Scenario is technically feasible, results in longterm savings, and brings substantial environmental
and local community benefits. A balanced set of
key actions is required, however, to approach the
wind deployment levels of the Study Scenario.
Optimizing wind contributions requires coordination
among multiple parties who can implement a set of
complementary approaches around agreed-upon
themes. The Roadmap organizes recommended
efforts into three key themes—reducing wind costs,
expanding developable area, and increasing economic
value for the nation. The strategic approach is4
summarized in Table 3.
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Overall Value from the Wind
Vision Study Scenario

$1,500
$1,250
$1,000
$750
$500
$250
$0
$-250
$-500

Costs ©ªBenefits

Present Value (2013-2050, 3% discount rate)
impacts [2013$, Billion]

Not all Study Scenario impacts can be monetized,
and some impacts affect a small constituency rather
than the nation as a whole. But adding the financial
savings from avoided GHG emissions and avoided
air pollution (PM, NOX, SO2) results in cumulative
environmental benefits under the Study Scenario
of $508 billion by 2050. The costs to achieve these
emissions savings are incurred through 2030, with a
less than 1% increase in electricity costs. By 2050, the
electricity costs in the Study Scenario are lower than
those in the Baseline Scenario, which means further
value and savings beyond the environmental benefits
by 2050. Figure 3 illustrates the value of the GHG
reductions, air pollution reductions, and electricity
system expenditures.

Electricity
System

Air
Pollutant

GHG

D

Range (Wind/Fuel Scenarios)
Range (APEEP, EPA “high”)
Range (IWG SCC estimates)
Central (Study Scenario)
Central (EPA “low”)
Central (IWG 3% avg)

Figure 3. Electricity system cost, air pollutant, and GHG impacts of
the Wind Vision Study Scenario.4
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1.

Reduce Wind Costs: Reductions in the levelized
cost of electricity are a priority focus. This
theme includes actions to reduce capital
costs; reduce annual operating expenses;
optimize annual energy production, reduce
curtailment, and decrease system losses; reduce
financing expenses; reduce grid integration and
operating expenses; and reduce market barrier
costs, including regulatory and permitting,
environmental, and radar mitigation costs.

2.

Expand Developable Areas: Expansion of wind
power into high quality resource areas is also
important for realizing the Study Scenario costeffectively. Within this theme key actions are
needed to responsibly expand transmission;
expand developable geographic regions and
sites; improve the potential of low-wind-speed
locales; improve the potential of ocean and
Great Lakes offshore regions; and improve the
potential in areas requiring careful consideration
of wildlife, aviation, telecommunication, or other
environmental issues.

4 Estimates represent present value of incremental costs or benefits of
the Study Scenario relative to the Baseline Scenario. “Central” estimates are
based on Central Study Scenario modeling assumptions. Electric system
costs include incremental expenditures, such as capital, fuel, and O&M for
transmission and generation of all technologies modeled but exclude all
associated benefits. The range of electricity system costs reflect the range
over a series of (wind and fuel cost) sensitivity scenarios. Air pollution and
GHG estimates are based on the Central Study Scenario only. Air pollution
benefits are estimated based on avoided SO2, NOX, and PM2.5 emissions.
The range of air pollution benefits reflect three approaches: an EPA “low”
estimate, an EPA “high” estimate, and an estimate using the Air Pollution
Emission Experiments and Policy analysis (APEEP) model. The EPA “low”
estimate is presented here as the central estimate. GHG benefits reflect
avoided global damages from emissions and the Interagency Working
Group (IWG) estimates of the Social Cost of CO2 (SCC). Central GHG
benefits estimates are based on the IWG’s SCC 3% average discount rate
estimates for the SCC, while the range captures all four IWG SCC estimates.

Table 3. Roadmap Strategic Approach.
Core
Challenge

Wind has the potential to be a significant and enduring contributor to a cost-effective, reliable, low carbon, U.S.
energy portfolio. Optimizing U.S. wind power’s impact and value will require strategic planning and continued
contributions across a wide range of participants.
Reduce Wind Costs
Collaboration to reduce wind costs
through wind technology capital and
operating cost reductions, increased
energy capture, improved reliability,
and development of planning and
operating practices for cost-effective
wind integration.

Expand Developable Areas
Collaboration to increase market
access to U.S. wind resources through
improved power system flexibility and
transmission expansion, streamlined
siting and permitting processes, and
environmental and competing use
research and impact mitigation.

Increase Economic Value
for the Nation
Collaboration to support a strong
and self-sustaining domestic wind
industry through job growth,
improved competiveness, and
articulation of wind’s benefits to
inform decision-making.

Issues
Addressed

Continuing declines in wind power
costs and improved reliability
are needed to improve market
competition with other electricity
sources.

Continued reduction of deployment
barriers as well as enhanced
mitigation strategies are needed to
responsibly improve market access
to remote, low wind speed, offshore,
and environmentally sensitive
locations.

Capturing the enduring value of wind
power can be achieved by analyzing
job growth opportunities, evaluating
existing and proposed policies, and
disseminating credible information.

Vision Study
Scenario
Linkages

Levelized cost of electricity reduction
trajectory of 24% by 2020, 33% by
2030, and 37% by 2050 for landbased wind power technology and
22% by 2020, 43% by 2030, and 51%
by 2050 for offshore wind power
technology to substantially reduce
or eliminate the near- and mid-term
incremental costs of the
Study Scenario.

Wind deployment sufficient to enable
national wind electricity generation
shares of 10% by 2020, 20% by 2030,
and 35% by 2050.

A sustainable and competitive
regional and local wind industry
supporting substantial domestic
employment. Public benefits from
reduced emissions and consumer
energy cost savings.

Roadmap
Action Areas*

• Wind Power Resources and Site
Characterization
• Wind Plant Technology
Advancement
• Wind Power Performance,
Reliability, and Safety
• Wind Electricity Delivery and
Integration

• Wind Power Resources and Site
Characterization
• Wind Plant Technology
Advancement
• Wind Electricity Delivery and
Integration
• Wind Siting and Permitting
• Collaboration, Education and
Outreach
• Policy Analysis

• Supply Chain, Manufacturing and
Logistics
• Collaboration, Education and
Outreach
• Workforce Development
• Policy Analysis
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Key Themes

*Several action areas address more than one key theme.

Increase Economic Value for the Nation:
The Study Scenario projects substantial benefits
for the nation, but additional steps are needed to
ensure these benefits are realized and maximized.
This theme includes analysis to provide detailed
and accurate data on costs and benefits for
decision makers; actions to grow and maintain
U.S. manufacturing throughout the supply chain
(including training the U.S. workforce); and
continued outreach and dissemination of windrelated research and analysis. The overall aim
is ensure that wind power continues to provide
enduring value for the nation.

D

3.

Conclusions

The Wind Vision Study Scenario analysis demonstrates
the overall value that wind power can bring to the
nation. Wind power’s environmental attributes can
address key societal challenges such as climate
change, air quality and public health, and water
scarcity. Wind deployment can provide U.S. jobs, U.S.
manufacturing, and lease and tax revenues in local
communities to strengthen and support a transition
towards a low-carbon economy.
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