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Office Mission

* Lead the Nation’s efforts to accelerate widespread U.S. deployment of clean,
affordable, and reliable renewable power from the full range of the nation's wind and
water power resources to promote national security, economic growth, and
environmental quality.

* Provide important contributions to the President’s call for cutting net U.S. greenhouse
gas emissions 26-28 percent below 2005 levels by 2025 and generating 80% of United
States’ power from clean energy sources by 2035.

* Invest in high-risk, high-impact early-stage wind and water technology innovations
that the private sector cannot adequately address on its own; and addresses key
market deployment barriers and environmental performance challenges.

Office RDD&D Portfolio
> Technology Development & innovation
> Market Barriers — transmission, environmental, human use conflicts

> Modelling & Analysis
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P roj ect Portfolio ENERGY | rencwable Energy

A sample portfolio of current EERE - Wind Program high impact activities:

* Wind Forecasting: Day ahead and 5 minutes forecasting (NOAA datasets)
* Wind Integration: Wind & Solar Integration studies, Grid Integration TF

* Wind Technology: Wind Plant Optimization (A2E), Scaling/manufacturing
* Wind Demonstration: 3 Offshore demos

 Wind Testing: Component, System and Grid Integration facilities (e.g. MA
Blade, Clemson Dynamometer, SWIFT, and NREL-NWTC)

* Wind Market Barriers: Radar, Environmental mitigations/solutions

* Wind Analysis: Wind Vision, Financial Policy Analysis (e.g. PTC, Doubling,
ROI), Transmission policy impacts, Permitting policy impacts

e Offshore Wind: Deepwater foundation technologies R&D, OSW Backbone
* Distributed Wind: Technology Development, DW Modeling

EERE - Wind Program is managing a broad portfolio to optimize U.S. wind deployment

3 | Wind and Water Power Technologies Office For Internal Use On|y eere.energy.gov



U,Dda tEd Wlnd VISIO” . U.S. DEPARTMENT OF Energy Efficiency &

Why Now? ENERGY | renewable Energy

DOE EERE - 20% Wind by 2030 report analyzed and projected:

- What is a vision for U.S. wind?

- What, where and how much U.S. wind resources are available?

- Canthe U.S. scale domestic manufacturing and installation?

- Can wind technology improve to achieve competitive cost performance
with fossil fuels?

SATSECODE I - Can wind be reliably integrated with the U.S. transmission grid?
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DOE Wind Vision 2015 answers these questions clearly,
with unbiased data and also explores new questions:

Cumulative Installed Capacity (GW)

- What are capacity modeling projections based on current 60 GW installed as 20% by 2030 ———>
of 2012 year-end Scenario

EIA AEO and literature based sources? 100 ’

- What are the quantified costs and benefits of 10%, 20% & \/O
50

35% vision of U.S. wind?

- What steps are needed to achieve these visionary levels? 0 .
2000 2006 2012 2018 2024 2030

DOE’s 20% Wind Energy by 2030 report analyzed is 20% wind possible and can wind
scale?; New DOE Wind Vision confirms with data and asks
what are the quantified impacts of the Wind Vision and how do we get there?
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In several aspects, the wind industry has made progress since 2008 exceeding expectations
from the DOE Report, 20% Wind Energy by 2030

2013 Projections from the
2008 Actuals 2008 Report, 20% Wind 2013 Actuals
Energy by 2030

Cumulative installed 4;‘, 4;444 444444

wind capacity (GW)

25 48 61
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29 35 29
Costs (2013$/MWh) $$$$989 $$$59%4 $$99¢
71 66 45
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Analysis Objectives ENERGY Renewable Energy

* Analyze the economic competitiveness of wind energy across
multiple sensitivities: near-(2020), mid-(2030), long-
term(2050)

* Analyze a credible wind energy scenario to quantify: effects
on CO, as well as other costs, benefits, and impacts (e.g.,
water savings, land use, wildlife, transmission, and workforce)

* Inform priorities for DOE Wind and Water Power
Technologies Office and other key stakeholders

— Continued investment in wind technology and LCOE
reductions

— Reducing environmental, social and wildlife impacts
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The Basics

Wind Energy Today

* Wind energy today is already an important part of America’s clean energy mix with
utility scale wind turbines installed in 39 states

* With continued investments in innovation and forward-thinking policies, wind can
provide meaningful value to every state

Wind Vision Report Basics

 The Wind Vision analysis modeled the expansion of wind energy based on the
economic competition of all energy generating sources

— Under this Study Scenario it was found that as the economically sensible option based
on a state-by-state analysis, wind energy could supply 10% of the nations electricity in
2020, 20% in 2030, and 35% in 2050

— The Wind Vision Study Scenario takes into account the projected growth of other
renewables such as solar, as well as the scheduled decommissioning of existing
generation (fossil, nuclear and renewables)

* Did not model policies that would favor wind energy expansion. Policies used to
model wind growth were held as defined as of January 1, 2014

* Based on the Study Scenario, wind energy could achieve approximately 50% of the
mandates outlined in the EPA’s 111D scenario by 2030.

7 | Wind and Water Power Technologies Office eere.energy.gov



The Progress of Wind Power in the United us. ozearruentor | Enoray Efficiency &

States ENERGY Renewable Energy

Key Facts

* 4.6% of U.S. 2014 power

Deployment and Cost for U.S. Land-Based Wind, 1980-2013 generation?
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The Wind Vision Report
The Benefits of Wind Energy Today
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Carbon Dioxide
reduced by
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Water Consumption
reduced by

36.5 hillion

gallons

I e S

Equivalent to
116 gallons/

person
in the U.S.

Note: Emissions and water savings calculated using the EPA’s Avoided Emissions and Generation Tool (AVERT). ‘Uncontrolled coal plants’ are those with no

emissions control technology.

Key Fact
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The avoided CO2 emissions from wind energy today help offset the equivalent of more
than 24 million passenger vehicles
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The Dynamic Wind Story To Date ENERGY | renewabie Energy

Policy uncertainty has resulted in fluctuations in historical wind deployment
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Study Scenario: Sensitivities and e VATI [
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Wind Deployment (Generation and Capacity): Study Scenario Relative to Sensitivities
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Note: Data include new capacity only; repowered capacity is not represented

*  Study Scenario development was informed by economic modeling results (i.e., based on economic
competition), current industry deployment trends and domestic manufacturing capacity, as well as the
broader literature; policy scenarios support but were not the basis for Study Scenario wind generation
levels

* Acredible “mid-point” Study Scenario was selected to analyze the effects of continued wind deployment
in terms of costs, benefits, and other impacts.

*  The Study Scenario is compared with a Baseline that holds wind capacity at 2013 levels (61 GW) through
2050; this allows estimates of the full incremental impact of future wind deployment (e.g., transmission
requirements)
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Study Scenario Viability ENERGY | renewable Energy

Wind Resources
Wind Vision uses less than 5% of U.S. wind resource potential

Land Use
6&%0 Wind Vision uses less than .04% of U.S. land for foundations and roads

Geographic Diversity
@ 39 states with utility wind today. All 50 states by 2050
Transmission Expansion

900 circuit miles thru 2030. 1100 circuit miles thru 2050. Compared with average 870 circuit miles
today

Grid Integration
. Nine states with > 12% wind today. Two states with > 25% wind today

Manufacturing and Supply Chain
Current large component U.S. manufacturing capacity of 8-10 GW/year, meeting Study Scenario
ﬁ new installation requirements

Wind power Costs
LCOE cost reductions of 24% by 2020, 33% by 2030, 37% by 2050 in Study Scenario
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The Study Scenario ENERGY Renewable Energy

The Potential of 35% of the Country’s Electricity Coming from Wind Energy by 2050

Costs Benefits
Air
$ D &
$149 Billion [3%] savings GHG: 14% less GHG; $ 108 Billion savings; 260 Billion gallons
$400 Billion savings 22,000 lives saved [23%] less consumption

Additional Impacts

£ f $ G, T

Public Acceptance

Energy Diversity Jobs Local Revenues Land Use and Wildlife
Electricity prices 20% ~ 600,000 gross jobs $1.0 Billion/year in land 1.5% area of Responsible siting;
less sensitive leases contiguous US Optimizing coexistence

Less than 1/3 area
occupied by golf
courses in US today

$3.2 Billion/year in tax
payments

The Wind Vision Study Scenario results in modest increases in electricity cost in the near- and mid-

term (<1% price increase), but in the long term electricity costs savings of 2% are achieved by 2050
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Benefits and Costs of the Wind Vision us. oevasruent or | Eneray Efficiency &

Over T|me ENERGY Renewable Energy

Reduced GHG, SO,, NO,, and fine particulate matter emissions provide benefits in 2020, 2030, and
2050 in addition to the savings in electricity rates achieved in the Study Scenario by 2050.
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Electricity Air GHG Electricity Air GHG Electricity Air GHG
Consumers Pollution Consumers Pollution Consumers Pollution
B B B Ranges Central estimates

Note: Results represent the present value of incremental costs or benefits (impacts) of the Study Scenario relative to the Baseline
Scenario. Central estimates are hased on Central Study Scenario modeling assumptions. The electricity consumer costs range reflects
incremental expenditures (including capital, fuel, and O&M for transmission and generation of all technologies modeled) across a series
of sensitivity scenarios. Air pollution and GHG estimates are based on the Central Study Scenario only, with ranges derived from the
methods applied and detailed in the full report.

The Wind Vision Study Scenario results in modest increases in electricity cost in the near- and mid-term (<1% price increase),
but in the long term electricity costs savings of 2% are achieved by 2050
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Energy Efficiency &

In 2013, cumulative utility-scale wind deployment reached 61 GW across 39 states

D
Top 5 States in 2013
Total Wind Deployment Total Capacity (GW) by total capacity (GW)
@ Through 2008 g g ig
® 2009 through 2013 | //*F 5
\Q&w«\—ﬁ/l <1

_— . . . . . Texas Califomia lowa lllinois Oregon
Distributed wind projects with less than 1MW have been installed in all 50 states " o 9

15 | Wind and Water Power Technologies Office eere.energy.gov



The Wind Vision Report us oeearuent o | Eneray Efficiency &
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Wind Energy in 2050

Installed capacity is concentrated in
certain regions, but overall wind
deployment is geographically
widespread (50 states by 2050); U.S.
southeast deploys new wind with
higher towers, advanced performance
and offshore

32 states have over 1,000 MW of
wind capacity (land-based + offshore)
by 2030; 40 states by 2050 (compared
with 16 today)

The total area of wind power plants is
Total Wind Deployment Total Capacity (GW) equivalent to about 2.5% of U.S.
@ Through 2030 . agricultural land, with 0.075% of U.S.
@ 2031 through 2050 .

agricultural land transformed or made
unavailable for conventional uses (e.g.,
Note: Results presented are for the Central Study Scenario. Across Study Scenario sensitivites, deployment by state may vary depending graZi ng, Cro pS)
on changes in wind technology, regional fossil fuel prices, and other factors. ReEDS model decision-making reflects a national optimiza-

tion perspective. Actual distribution of wind capacity will be affected by local, regional, and other factors not fully represented here.
Alaska and Hawaii cannot be currently modeled in ReEDS but will contribute to overall wind deployment.
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Continuing Wind Vision Analysis

@) ENERGY

New DOE Report: Issued 5/2015
. / Objective:
Enabling Wind Power

Nationwide .

Continuing Analysis building upon Wind Vision modeling

Analyzing insights into how to further expand U.S. wind deployment
/.

Height

—— Wind Velocity Current turbine size Future turbine size

Wind Program Investments:

Pursue higher heights to access faster, more consistent wind
* Taller Towers FOA - FY2014

Larger Blades FOA - FY2015
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The Wind Vision Report

Energy Efficiency &

Key Takeaways EN ERGY Renewable Energy

* Wind research and innovation, beyond central industry expectations, remains
critical to the continued viability of wind technology and reduces the long-term
need for policy;

* Increased electricity sector expenditures (to 2030) for the Study Scenario are
exceeded by the value of the quantified benefits (up to 5X or potentially more) in
the form of reduced GHG emissions, improved air quality, and reduced water
consumption, among others. But through 2050, electricity cost savings exceed
2%;

* Experience tells us that high wind penetration and a reliable electric grid are both
achievable (currently 11 states > 10% wind and 2 states > 25%);

* A comprehensive roadmap consistent with the study findings informs future
program activities and industry priorities and requires engagement with the broad
wind and environmental community to refine and pursue these activities.

The Wind Program is committed to the needs of the industry, and will continue to contribute in

activities that lower LCOE and address key market barriers
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Wind Vision:

A New Era for Wind Power

in the United States

19 | Wind and Water Power Technologies Office



