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Evolution of Commercial Wind Technology
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Capacity & Cost Trends
Cost of Energy and Cumulative Domestic Capacity
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Increased Turbine Size - R&D Advances - Manufacturing Improvements
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#M==" Five Years of Strong Growth: remca
2009: 9,994 MW Added; $21 billion Investment
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2"d largest market (behind China) in 2009 capacity additions;
largest market in terms of cumulative capacity

Electricity Markets and Policy Group * Energy Analysis Department
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NREL Four Years of Strong Growth: e

2008: 8,558 MW Added; $16 billion Investment
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People Want Renewable Energy!
Total Installed Wind Capacity
woo | 1. United States: 36,693 MW
oo | 2. Germany: 26,386 MW
oot 3. China: 25,805 MW
g 130000 1 4. Spain: 19,876 MW
< 110000 I 5. India: 11,500 MW
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! World total October 2010: 166,201 MW
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s Four States Have Achieved > 10% Wind; e
. Texas Continues to Lead in Capacity
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Annual Capacity Cumulative Capacity Estimated Percentage of
(2009, MW) (end of 2009, MW) In-State Generation
Texas 2,292 Texas 9,410 Iowa 18.8%
Indiana 905 Iowa 3,670 South Dakota 13.6%
Iowa 879 California 2,798 North Dakota 11.5%
Oregon 754 Washington 1,908 Minnesota 10.0%
Illinois 632 Oregon 1,821 Oregon 8.7%
New York 568 Minnesota 1,810 Kansas 7.2%
Washington 542 Illinois 1,547 Colorado 7.0%
North Dakota 488 New York 1,274 Wyoming 6.9%
Wyoming 425 Colorado 1,246 Texas 6.3%
Pennsylvania 388 North Dakota 1,203 Oklahoma 5.0%
Oklahoma 299 Oklahoma 1,130 Montana 4.8%
California 281 Wyoming 1,101 Washington 4.5%
Utah 204 Indiana 1,036 New Mexico 4.4%
Kansas 199 Kansas 1,014 California 3.1%
Colorado 178 Pennsylvania 748 Maine 3.1%
Missouri 146 New Mexico 597 Idaho 2.9%
Maine 128 Wisconsin 449 Indiana 2.7%
South Dakota 126 Montana 375 Hawaii 2.2%
Montana 104 West Virginia 330 Illinois 2.1%
New Mexico 100 South Dakota 313 New York 2.0%
Rest of U.S. 358 Rest of U.S. 1,376 Rest of U.S. 0.25%
TOTAL 9,994 TOTAL 35,155 TOTAL 2.4%

Source: AWEA project database, EIA, Berkeley Lab estimates

2009 Wind Market Report, LBNL
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Wind Capacity at End of 2009 Could Deliver<==
0/ u u
2.4% of US Electricity Supply
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Note: Figure only includes the 20 countries with the most
installed wind capacity at the end of 2009

2009 Wind Market Report, LBNL
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"= Wind Is a Major Source of New Capacity ==
Additions: 39% in 2009
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2009 Wind Market Report, LBNL
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Wind Project Installed Costs in 2009 ===
. Continued to Rise, on Average
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Project costs bottomed out in 2001-2004, and have risen
by roughly $800/kW, on average, through 2009

2009 Wind Market Report, LBNL
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- ...While Wholesale Prices Have Recently—~=*

. Plummeted (with Natural Gas Prices)
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2009 Wind Market Report, LBNL
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“"““Interconnection Queues Are Clogged with <=
. Wind Projects: Nearly 300 GW
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2009 Wind Market Report, LBNL
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Wind Project Costs Vary
. Somewhat By Region
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Installed Project Cost (2009 $/kW)

3500 |
Sample includes projects built in 2007, 2008, and 2009 %
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1,000 - [ Capacity-Weighted Average Project Cost
500 | O Individual Project Cost
—— Capacity-Weighted Average Cost, Total U.S.
| | | | | | | | |
0
Texas Heartland East Mountain Great Lakes Northwest California | New England
35 projects | 46 projects 14 projects 16 projects 19 projects 24 projects 6 projects 15 projects
4,254 MW 4,013 MW 1,238 MW 1,276 MW 2,297 MW 1,841 MW 326 MW 168 MW
Higher average costs in New England and

California; lower average costs in Texas

2009 Wind Market Report, LBNL
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Installed Wind Capacities
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(‘99 — “10)

1999 Year End Wind Power Capacity (MW)
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Total: 35,603 MW
(As of 12/31/09 - but includes some 2010 projects)

United States - Current Installed Wind Power Capacity (MW)

" Washington
1908

Montana N. Dakota Minn.
Oregon i Lo 1796 : New Hampshire
1920
S. Dakota
Wyoming 313 :
1101 Rhode Island - 2
Nebraska 3670
163

Colorado
1246 Kansas
California
2723

: Oklahoma
New Mexico
507 1130

Data from the American Wind Energy
Association (extracted 5/27/2010):
http://www.awea.org/projects.

Wind Power Capacity us. riment of Energy
(Mw) National Renewable Energy Laboratory
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Drivers for Wind Power

* Declining Wind Costs
* Fuel Price Uncertainty

 Federal and State
Policies

 Economic Development
 Environment ,
* Public Support Crop of the
 Green Power 21ST Century
« Energy Security e
e Carbon Risk
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Natural Gas — Historic Prices
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Historic Steel Prices - Cold Rolled
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it Business Week Ended November 19, 2010
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Fey to Coal Commodities by Region'

Central Appalachia: Big Sandy/kKanawha 12,500 Btu, 1.2 b5 02 mm Btu Powder River Bazin: 2,300 Btu, 0.5 b S02/mmBtu

Marthemn Appalachia: Pitt=burgh Seam 13,000 Btu, <3.0 b5 02mmBtu Uirnta Basin in Colo.: 11,700 Btu, 0.2 b 502/ mmBtu
Minci= Basin: 11,200 Btu, 5.0 Ib 502/mmEBtu

Source: EIA
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Increase the cost of coal
Levelized Cost of Electricity (2010) vs. CO2 Price
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Renewable Portfolio Standards o

www.dsireusa.org / November 2010

v, - ME: 30% x 2000
7 * VT: (1) RE meets any increase )
WA: 15% x 2020* MN: 25% x 2025 i retail sales x 2012 New RE: 10% x 2017
- MT: 15% x 2015 (Xcel: 30% x 2020) (2) 20% RE & CHP x 2017 ‘ NH: 23.8% x 2025 ‘ )
P .
OR: 25% x 2025 (large utilities)* ND: 10% x 2015 MI: 10% + 1,100 MW f* MA: 22.1% x 2020 |
5% - 10% x 2025 (smaller utilities) x 2015* Rk SO LR
™ 7K (+1% annually thereafter)

!ﬁ WI: Varies by utility; NY: 29% x 2015

10% x 2015 statewide
NV: 25% x 2025%* '
[1A: 105 MW IS OH 25% x 2025+

CO: 30% by 2020 (10uUs) i S h‘h {

10% by 2020 (co-ops & large munis)* IL 25% X 2025 ’-!
KS: 20% x 2020 ,."

MO: 15% x 201

| RI: 16% x 2020 |

| CT: 23% x 2020 |

[PA: ~18% x 20211|
INJ: 22.5% x 2021
VA: 15%x2025* | MD: 20% x 2022 |

CA: 33% x 2020

UT: 20% by 2025*

o, £ 3
AZ: 15% x 2025 [N — ¢) | DE: 25% x 2026* |
\ 3 NC: 12.5% x 2021 (1os) | DC: 20% x 2020 \(‘ :
) NM: 20% x 2020 (IOUs 10%:x 2048 (co ops % munis) |
10% x 2020 (co-ops)
- W X 2035 |

TX: 5,880 MW x 2015
<

[HI: 40% x 2030

é

. Renewable portfolio standard

Iy
) Minimum solar or customer-sited requirement
. Renewable portfolio goal ¥ Extra credit for solar or customer-sited renewables
a Solar water heating eligible T Includes non-renewable alternative resources
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States with Green Power Programs

22 @ @ 8

14
oC
S O)
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@ D |:| Green Power Products Available

ﬁyl
Restructured Electricity Market
[] No Green Power Activity

Indicates Number of Utilities/Companies Offering

Source: National Renewable Energy Laboratory (September 2008) Green Power Products
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Windy Rural Areas Need
Economic Development

S
! POERIB
L aERICA

United States - Wind Resource Map

Wind Power Classification
Wind Resource  Wind Power  Wind Spead’

Power Potantial Da at50m at50m

Class W, mis
2 Marginal 200- 300 5.6- 6.4
3 Fair 300 - 400 6.4-7.0
4 Good 400 - 500 7.0- 7.5
& Excellent 500 - 600 75- 8.0
& Outstanding 600 - 800 B.O- 8.8
7 Suparb 800 - 1600 B.B-11.

®Wind speads are based on a Weibull k value of 2.0



http://www.fdic.gov/bank/analytical/banking/2005jan/art2_01.html�

) ) AINIAND
< _BNR=L =

. ——IERICA
Economic Development Impacts

 Land Lease Payments: 2-3% of gross
revenue $2500-4000/MW/year

* Local property tax revenue: ranges widely -
$300K-1700K/yr per 100MW

« 100-200 jobs/100MW during construction
* 6-10 permanent O&M jobs per 100 MW

» Local construction and service industry:
concrete, towers usually done locally




Direct jobs and parts during construction

Truck drivers,
crane operators



Presenter
Presentation Notes
This only includes the on-site construction workers, their manager and their support staff.
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Presenter
Presentation Notes
This category includes spending that is directly related to the wind plant – so the drive shafts and people who make the drive shafts (or blades or generators) during construction, the spare parts and O&M workers during operations, the utility services and royalties to landowners from the wind developers. Those can be $4-7,000/turbine/year depending on the turbine size and the contract agreement.

http://www.knom.org/static/477/amywithfm.jpg�
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Indirect jobs, services, materials
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Steel mill jobs, parts, services
Photos: E.C.Levy, Inc, Detroit, Ml

§l Financing, bank_jng, accounting

N



Presenter
Presentation Notes
The indirect category includes the accountant for the construction firm, for example, and the jobs at the steel mill who made the steel for the towers.
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Induced jobs, services, materials

Child care, grocery store, clothing, other retail, public
transit, new cars, restaurants, medical services



Presenter
Presentation Notes
The induced category is money spent by the people in the direct and induced categories. For example, construction workers will increase the customer numbers at a local sandwich shop, clothing stores, grocery stores. And permanent workers will spend money they earn at local businesses like doctors offices and day care services.
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Wind Energy’s Economic Impacts

JEDI Model Version W1.09.03e

1 (199
nergy’s economic “rippja'a o

Turbine & Supply

Project Development & ¢hain Impacts Induced Impacts

. Blades, towers, gear boxes

Construction Workers management, gas and gas that result from the

Management station workers spending supported

Administrative Support _ _ by the project,
| Supporting businesses, including benefits to

such as bankers financing t lerk
Legal, siting, and permitting the construction, Yrusany L9 8lane,

Cement truck drivers contractor, manufacturers retail s_alespeople,
Road crews and equipment suppliers. and child care
Maintenance workers Ylligzs. provlders
Hardware store purchases

and workers, spare parts

and their suppliers

Construction Phase = 1-2 years
Operational Phase = 20+ years




<

o2

5%

NR=L
Case Study: lowa

) D
 BoERNG

240-MW lowa wind
project
« $640,000/yr in lease

payments to farmers
($2,000/turbine/yr)

« $2M/yr in property taxes
$5.5M/yr in O&M income
40 long-term O&M jobs

200 short-term
construction jobs

Doesn’t include multiplier
effect
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South Dakota Wind Energy Center

 40.5 MW (1.5-MW turbines)

* Landowner payments:
$3,500-$4,000/year

100 — 125 workers during
peak construction

» 3 fulltime O&M positions

* Property taxes:
$220,000/year

« Sales and use tax: $1.2
million payable in 2003

e Located near Highmore, SD
(population 808)

« Owned by FPL Energy
e Constructed in 2003



Presenter
Presentation Notes
Landowner payments for the South Dakota Wind Energy Center were published in SDEIA Report Highmore, December 2005.  All other information regarding South Dakota Wind Energy Center was confirmed by Mary Wells, spokesman for FPL Energy, LLC.
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Peetz Table Wind Energy Center, co

POERNS
ERICA

400.5 MW (1.5-MW turbines)

Landowner payments: $2
million/year, $65 million over
30-year period

300 — 350 workers during
peak construction (80% local)
16 — 18 O&M positions

Total annual tax payments:
$2.3 million/year (10% of total
county budget); $70 million
over 30 years

Located near Peetz, CO
Owned by FPL Energy
Constructed in 2007



Presenter
Presentation Notes
All information concerning Peetz Table Wind Energy Center was confirmed by Mary Wells, spokesman for FPL Energy, LLC.
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A Weatherford Wind Energy Center, OK

A4

« 147 MW (1.5-MW
turbines)

 Landowner payments:
$300,000 in annual
lease payments

« 150 workers during peak
construction

* 6 fulltime O&M positions

« Property taxes: $17
million over 20 years

o S aW.a rtZ k CO N Stru Ctl on Photo Courtesy and Copyfight Roger Wendel
received $300,000 in
revenue from the project

« Owned by FPL Energy
e Constructed in 2005



Presenter
Presentation Notes
All information concerning Weatherford Wind Energy Center was confirmed by Mary Wells, spokesman for FPL Energy, LLC.
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Wyoming Wind Energy Center o

« 144 MW (1800-kW turbines)

« Landowner payments: $18
million over the life of the
project

« 175 workers during peak
construction (25% local) | = A ==y

« 8 fulltime O&M positions - I~ > 3

« Property taxes: $1 million
(2006/7)

« 50 Wyoming companies o Rl
subcontracted during the | gaasFg=== -
construction period -

« Located in Uinta County,
WY (population 20,213)

 Owned by FPL Energy
 Constructed in 2003



Presenter
Presentation Notes
All information concerning Wyoming Wind Energy Center was confirmed by Mary Wells, spokesman for FPL Energy, LLC.
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Soaring Demand Spurs Expansion
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of U.S. Wind Turbine Manufacturing
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New Facilities Opened in 2009
1. Hexcel (glass prepreg), Windsor, CO, +100 jobs

2. Creative Foam (composites), Longmont, CO, +150 jobs -

3. Nordic Windpower (turbines), Pocatello, ID, +160 jobs
4. Dragon Wind (towers), Lamar, €O, +60-80 jobs
5. Tower Tech (towers), Abilene, TX, +150 jobs
6. Trinity Structural Towers (towers), Newton, IA, +140 jobs
7. Goian North America (elevation systems), Ankeny, IA, +12 jobs
8. Mille Lacs Band of Ojibwe (generators), Mille Lacs Reservation, MN, +7 jobs
9. RLTC Wind Towers (towers), MacGregor, TX, +75-250 jobs
10. RBC Bearings (bearings), Houston, TX, +35 jobs
11. Sector 5 Technologies (components), Oelwein, IA, +99 jobs
12. Vacon Inc (AC drives), Chambersburg, PA, +94 jobs
13. Winergy (gear drives), Elgin, IL, +300 jobs

<> Nacelles & Components
A\ Turbines
ﬁ Blades
[0 Towers
O Other
Hl New facilities opened in 2009
| Newly branched into wind in 2009
B New facilities announced in 2009
Existing facilities online prior to 2009

Figure includes wind turbine and component manufacturing facilities, as
well as other supply chain facilities, but excludes corporate headquarters
and service-oriented facilities. The facilities shown here are not intended
to be exhaustive. Those facilities designated as "Turbines" may include
turbine assembly and/or turbine component manufacturing, in some
cases also including towers, nacelles and blades.
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This map was created by

The National Renewable Energy Laboratory
for the U.S, Department of Energy.

April 22, 2010
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Manufacturing and Economic Development

Millions of Dollars

$5,000
$4,500

$4.000 -
| 3 Construction Period

$3,500
$3,000
$2,500
$2,000
$1,500
$1,000
$500
$0

Total economic development impacts in lowa
(2,400 MW of development)

B Landowner Payments
O Property tax payments
B Operations Period

0% IA manfacturing

13% IA manufacturing 35% IA manufacturing
(current proposed projects) (increased utilization of current
manufacturing capacity)
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Presentation Notes
Medium scenario (13%) is based on the population of proposed projects.  Of this population 13% have chosen turbine manufacturers that have production facilities in Iowa (some have not yet chosen, or announced, turbine manufacturers so this number may ultimately be higher).

The high scenario assumes 35% in-state manufacturing capacity.  This is as a percentage of the total cost of manufacturing (i.e. 35% of the cost of turbines stays in Iowa).  Based on Iowa’s existing facilities this will primarily be blades but could also be Clipper turbines.  On an annual basis at current rates of installation 2,400 MW could be built in perhaps 2 years. Theoretically Iowa is producing enough blades and Clipper turbines to supply this full volume.  As a result 35% could be interpreted as a conservative scenario.  Of course demand for Iowa built components extends outside the state and developers are interested in reliability and availability, so it is unlikely that 100% of Iowa’s development will succeed in procuring Iowa built machines.
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Local Ownership Models

Minnesota farmer cooperative
(Minwind)

FLIP structure

Farmer-owned small wind

Farmer-owned commercial-scale

© L. Kennedy
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Comparing wind and coal in Indiana

Total Economic Impacts

$1,600
$1,400 -
$1,200 -
$1,000 -
$800 -
$600 -
$400 -
$200

Dollars in millions

B Landowner revenue
O Property taxes

O Coal

B Operations

O Construction

$0

Wind (1177 MW) Coal (500 MW, 28% in-

state)

Constant 2007 dollars
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Presentation Notes
Analysis based on 2006 and 2007 cost data. 

Wind Power
Capacity factor - 36%
Construction Cost - $1,650/kW
Operations and Maintenance - $24.70/kW/yr
Property Tax - $15,800/MW/yr
Landowner Royalty - $2,667/MW/yr

Coal Power 
Capacity Factor - 85%
Construction cost - $1,830/kW
O&M cost - $48.00/kW/yr
Property Tax - $27,180/MW/yr
Fuel Cost - $1.21/mmbtu
28% Indiana coal is used in the plant

Property tax values are average annual rates calculated over a 20 year period Capital 	is depreciated straight-line with a 25 year lifetime for wind and coal facilities. First 	year tax only is 40% of value.  Minimum depreciable value is set at 30%.
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1,000 MW of New Wind Power in Colorado

JEDI Model Version W1.09.03e
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Turbine & Supply
Project Development & Chain Impacts

Onsite Labor Impacts Construction Phase: Construction Phase:
Landowner Revenue: * 3,059 new jobs * 1,197 new jobs
« $3 million/year *$414.8 million to local *$143.1 million to local
Local Property Taxes: economies economies

| «$5.7 million/year
Construction Phase: Operational Phase: Operational Phase:
*502 new jobs * 73 new jobs *63 new jobs
« $39 million to local economies « $16.3 million/year to local « $7.6 million/year to local
Operational Phase: economies economies
*51 new jobs
« $3.4 M/year to local economies

Induced Impacts

Totals (construction + 20 years)

Total economic benefit: $1.32 billion
Construction Phase = 1-2 years New local jobs during construction: 4,758
Operational Phase = 20+ years New local long-term jobs: 187
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Environmental Benefits

* No SOx or NOx
* No particulates
 No mercury

* No CO2

* No water




Change in Annual Temperature
2035-2060

Source: NOAA



Change in Annual (PCPN-Potential Evapotranspiration)
2035-2060

Percent (%)

| I | | | B I
-30 -20 -20 -16 -10 -B & 10 16 =20 26 30

Source: NOAA



Energy-Water Nexus
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Key Issues for Wind Power

« Policy Uncertainty » Operational impacts:

- Siting and Permitting: avian, intermittency, ancillary
noise, visual, federal land services, allocation of costs

« Transmission: FERC rules, * Accounting for non-monetary
access, new lines value: green power, no fuel

price risk, reduced emissions



“The future ain’t
what it used to be.”

- Yogi Berra

™ 20% Wind Energy by 2030
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The 20% Technical Report

« Explores one scenario for reaching 20% wind electricity
by 2030 and contrasts it to a scenario in which no new
U.S. wind power capacity is installed

* |s not a prediction, but an analysis based on one
scenario

« Does not assume specific policy support for wind

* |s the work of more than 100 individuals involved from
2006 - 2008 (government, industry, utilities, NGOs)

 Critically examines wind’s roles in energy security,
economic prosperity and environmental sustainability
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Presentation Notes
20% Wind Scenario: �Wind Energy Provides 20% of �U.S. Electricity Needs by 2030
Key Issues to Examine:
Does the nation have sufficient wind energy resources?
What are the wind technology requirements?
Does sufficient manufacturing capability exist?
What are some of the key impacts?
Can the electric network accommodate 20% wind?
What are the environmental impacts?
Is the scenario feasible?
Assessment Participants:
U.S. Department of Energy (DOE)
Office of Energy Efficiency and Renewable Energy (EERE), Office of Electricity Delivery and Energy Reliability (OE), and Power Marketing Administrations (PMAs)
National Renewable Energy Laboratory (NREL)
Lawrence Berkeley National Laboratory (Berkeley Lab)
Sandia National Laboratories (SNL)
Black & Veatch engineering and consulting firm
American Wind Energy Association (AWEA)
Leading wind manufacturers and suppliers
Developers and electric utilities
Others in the wind industry 
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Presentation Notes
600+ land based
400+ offshore

This national supply curve shows the costs of connecting to the existing transmission system, given that 10% of capacity is available for new wind generation. This supply curve also shows the cost of connecting directly to load centers that are in the same balancing area as the wind resource, given that a maximum of 100% of that load can be served by wind. This curve is produced as an input to the WinDS model. 
This figure shows only the supply curve for wind projects that can enter the existing transmission system (or that can power nearby loads), and does not include wind projects that would require new transmission to deliver power to markets distant from the generation system. The supply curve, however, shows more than 1,000 GW of wind energy— approximately 600 GW of land-based and roughly 400 GW of offshore capacity. Developing all of this resource is not economical and would require significant modifications in the transmission system, but under certain conditions it could produce enough energy to greatly exceed 20% of the nation’s electricity supply in the future. The supply curve further illustrates that more than 600 GW of wind are available at or below $100/MWh at current bus-bar energy costs and performance indicators. These supply curves do not factor in transmission or integration costs or technology improvements. 



| NTAD
T |
« »NR:EL 7N pUsERING

20% Wind Scenario S

300 305 GW —».

250

200

150 Installed Capacity as of
January 2008 = 16,904 MW

100

50

Cumulative Installed Capacity (GW)

2000 2006 2012 2018 2024 2030

m Offshore mLand-based
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Presentation Notes
In total, an addition of 293 GW would need to be added to early 2007 levels to reach 305GW by 2030.  Of that 293 GW, 50GW of offshore wind energy would be needed, mostly along the northeastern and southeastern coasts.
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What does 20% Wind look like?

Figure 1-4. Annual and cumulative wind installations by 2030
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Source: DOE 20% Report
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Presentation Notes
This figure shows the annual installed capacity required by the 20% Scenario.  The 20% Wind Scenario would require an installation rate of 16 GW per year after 2018. 2007 wind installations and 2008 installation projections are both above the annual installed capacity projected by the model to achieve the 20% Scenario.


46 States Would Have A B

Substantial Wind Development by 2030

Wind Capacity
Total Installed (2030)
(GW)
.~ 0.0-01
01-1
15
510
-0

/}\ Includes offshore wind.

The black open square in the center of a state represents
the land area needed for a single wind farm to produce the
projected installed capacity in that state. The brown square
represents the actual land area that would be dedicated

to the wind turbines (2% of the black open square).
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Presentation Notes
The wind turbines required to supply 20% of the nation’s electricity, about 300 GW, would be broadly distributed across the continental U.S. with at least 100 MW installed in 43 of the 48 continental states (Hawaii and Alaska were not represented in this study at all, but both states are expected to install over 100 MW of wind capacity.).  The WinDS model uses the best available assessment of local wind resource to expand wind technology capacity.  Limitations of the wind resource input data which could significantly affect the wind technology capacity installed in a given state are discussed in Appendix B.  In addition to wind resource, other factors related to the model logic can influence the amount of wind capacity installed in a given state.  For instance currently existing long-term power purchase agreements are not implemented in WinDS.  The model assumes that local load is met by the generation technologies in a given region.  The lack of wind capacity installed in Ohio is related to the assumption that the existing generation technology in the state provides energy to the local loads, thus reducing the need for additional generation capacity such as wind.  The wind resource in Ohio is sufficient to support wind technology development.  

Other states such as Louisiana, Mississippi, and Alabama have lower quality wind resources than Ohio, but under the right economic circumstances it is conceivable that some wind energy development could occur in those states.  The WinDS model optimizes the installation of wind energy capacity within each of the three, large, interconnect areas.  However, the model does show that broad geographic distribution of wind energy capacity serves to meet the broadly distributed national electricity load.  Figures 7-10 demonstrate capacity expansion of wind energy representing the years 2012, 2018, 2024, and 2030 (approximately 3%, 9%, 15%, and 20% electricity generation respectively).

Footnote: Based on the perspectives of industry experts and near-term wind development plans, wind capacity in Ohio was modified and offshore wind development in Texas was included. 
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Presentation Notes
The 20% Wind Scenario assumes that transmission planning and grid operations occur on several levels—planning at the national level, reserve margin constraint planning at the NERC level, and load growth planning and operations at the balancing area (BA) level. For visual clarity, these figures display wind capacity only at the balancing area level.
The balancing areas, shaded in purple, depict the amount of locally installed wind, which is assumed to meet local load levels. Generally, the first wind system installed either uses the existing grid or is accompanied by a short transmission line built to supply local loads. In later years, as the existing grid capacity is filled, additional transmission lines are built. New transmission lines built to support load in a balancing area with wind resources within that same area are not pictured in these figures; only transmission lines that cross balancing area boundaries are illustrated.
In each figure, the blue arrows represent wind energy transported on existing transmission lines between balancing areas. The red arrows represent new transmission lines constructed to transport wind energy between balancing areas. The arrows originate and terminate at the centroid of a balancing area and do not represent the physical location of demand centers or wind resources. The location and relative number of red or blue arrows depend on the relative cost of using existing transmission lines or building new lines.
Existing Transmission Lines: 71 GW
New Capacity Lines within a WinDS region: 67 GW

Over 12,000 miles of new transmission
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Economic Costs of 20% Wind Scenario

Incremental investment cost of 20%

Wind Scenario
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$1000

Billions of 2006 Dollars
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No New Wind 20% Wind

OWind O&M Costs O Fuel Costs
B Wind Capital Costs B Conventional O&M Costs
B Transmission Costs B Conventional Capital Costs
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Presentation Notes
Compared to other generation sources, the 20% Wind Scenario entails higher initial capital costs (to install wind capacity and associated transmission infrastructure) in many areas, yet offers lower ongoing energy costs than conventional power plants for operations, maintenance and fuel. Given the optimistic cost and performance assumptions of wind and conventional energy sources (detailed in Appendix B), the 20% Wind Scenario could require an incremental investment of as little as $43 billion NPV more than the base-case No New Wind Scenario. This would represent less than 0.06 cent (6 one-hundredths of 1 cent) per kilowatt-hour of total generation by 2030, or roughly 50 cents per month per household. The base-case costs are calculated under the assumption of no major changes in fuel availability or environmental restrictions. In this scenario, the cost differential would be about 2% of a total NPV expenditure exceeding $2 trillion.
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U.S. electrical energy mix

« Reduces electric utility 100% ]
natural gas consumption by -
50% 80%
* Reduces total natural gas )
consumption by 11% 60%
« Natural gas consumer 209
benefits: $86-214 billion” ’
* Reduces electric utility coal 20%
consumption by 18% -
* Avoids construction of 80 GW ¢,
of new coal power plants No New Wind ~ 20% Wind
B Natural Gas O Hydro
O Coal B Wind

Source *: Hand et al., 2008 B Nuclear
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Presentation Notes
The 20% Wind Scenario would require delivery of nearly 1.16 billion MWh of wind energy in 2030, altering U.S. electricity generation. In this scenario, wind would supply enough energy to displace about 50% of electric utility natural gas consumption and 18% of coal consumption by 2030. This amounts to an 11% reduction in natural gas across all industries. (Gas-fired generation would probably be displaced first, because it typically has a higher operating cost.) 

Talking Point: Even at 20%, wind still part of an overall portfolio
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Cumulative Carbon Savings

The cumulative
avoided
emissions by
2030 would
total 7,600
million tons.

tion in CO

Red
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Emissions (million tons)
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m Cumulative Reductions (Left Axis) m Annual Reductions (Right Axis)

Figure 1-12. Annual CO; emissions avoided (vertical bars)
would reach 825 million tons by 2030.
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Carbon Savings
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4,182 MMTCE

Present Value Benefits
(billion 2006$)

$50 - $145

Levelized Benefit of Wind
($/MWh-wind)

$ 9.7/MWh - $ 28.2/MWh

Source: DOE 20% Vision Report
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CO2 Emissions from the Electricity Sector

CO, Emissions in the Electric Sector

(million metric tons)
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USCAP path to 80% below today’s levels by 2050
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Presentation Notes
According to the  EIA, the United States annually emits approximately 6,000 million metric tons of CO2.[1] These emissions are expected to increase to nearly 7,900 million metric tons by 2030, with the electric power sector accounting for approximately 40% of the total (EIA, 2007). As shown in Figure 1-12, based on the analysis completed for this report, generating 20% of U.S. electricity from wind could avoid approximately 825 million metric tons of CO2 in the electric sector in 2030. The 20% scenario would also reduce cumulative emissions from the electric sector through that same year by more than 7,600 million metric tons of CO2 (2,100 million metric tons of carbon equivalent). See Figures 1-12 and 13.  In general, CO2 emission reductions are not only a wind energy benefit but could be achieved under other energy mix scenarios. 
[1] CO2 can be converted to carbon equivalent by multiplying by 12/44. Appendix A presents results in carbon equivalent, not CO2. In addition, the WinDS model projects higher CO2 emissions than the EIA model because it assumes a higher share of coal-fired generation.

The majority of proposed carbon legislation requires a 60 - 80% reduction across all regulated energy sectors. This graph depicts an 80% reduction in the electricity sector derived from the US Climate Action Partnership.

United States Climate Action Partnership (USCAP) is a group of businesses and leading environmental organizations that have come together to call on the federal government to quickly enact strong national legislation to require significant reductions of greenhouse gas emissions. USCAP has issued a landmark set of principles and recommendations to underscore the urgent need for a policy framework on climate change. 





National (U.S.) Economic Impacts
Cumulative Impacts from 2007-2030

From the 20% Scenario — 300 GW new Onshore and Offshore Development
JEDI Model Version W1.09.03e
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Local Revenue,
Turbine, & Supply
Project Development & Chain Impacts

Onsite Labor Impacts Construction Phase: Construction Phase:
Landowner Revenue: «2.63 M FTE jobs «2.75M FTE jobs
« $783 million « $526 billion to the US « $353 billion to the US
Local Property Taxes: economy economy

| +$1,877 million
Construction Phase: Operational Phase: Operational Phase:
*834,072 FTE jobs *1.3 M FTE jobs *1.64 M FTE jobs
« $65 billion to the US economy « $207 billion to the US « $192 billion to the US
Operational Phase: economy economy
» 366,441 FTE jobs
«$17 B to the US economy

Induced Impacts

Totals (construction + 20 years)
Total economic benefit: $1.36 trillion
Construction Phase = 1-2 years New local jobs during construction: 6.2 M FTE

Operational Phase = 20+ years New local long-term jobs: 3.3 M FTE
All assumptions based on DOE Report: 20% Wind Energy by 2030




e, ) D
|

o HNREL ~ pormmmo
@;@

Manufacturing Jobs Supported by State

Jobs (in person-years)

.~ 300-1,000
1,000 - 5,000
. 5,000- 10,000
10,000 - 20,000
I 20,000 - 30,000

- > 30.000 Manufacturing location information from REPP Report by Sterzinger & Svrcek (2004)

Major component assumptions: 50% of blades are manufactured in U.S. in 2007 increasing to 80% by 2030,
26% of towers are from the U.S. in 2007 increasing to 50% by 2030 and 20% of turbines are made in the U.S.
increasing to 42% by 2030.
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Presentation Notes
The 20% Wind Scenario shows the U.S. wind industry growing from its current 3 GW/year in 2007 to a sustained 16 GW/year by around 2018, as represented in Figure C‑5. In the following sections, employment impacts in the wind industry are divided into three major industry sectors: manufacturing, construction, and operations. Each sector is described during the year of its maximum employment supported by the wind industry. 

Most of the manufacturing jobs in this scenario are located in the Great Lakes region, where manufacturing jobs are currently being lost. Even states without a significant wind resource can be impacted economically from new manufacturing jobs (e.g., southeastern US). 

This figure was created using the percentages of manufacturing capability in each state and JEDI’s manufacturing jobs output. Again, these potential manufacturing jobs from the REPP report are based on technical potential existing in 2004, without assuming increased productivity or expansion over time. The data also assumes that existing facilities that manufacture components similar to wind turbine components are modified. 
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Jobs Supported by the 20% Scenario

600,000
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300,000
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Over 500,000 jobs would be supported
between 2007 and 2030

M Total Induced cumulative
B Total Indirect cumulative

[ Direct Operations
B Direct Construction
[ Direct Manufacturing

Over 500,000 jobs

supported by the

I| industry in 2030

IIIIII Approx. 180,000
THEHLL

IIIIIIII directly employed
II by wind

2007 2009 2011 2013 2015 2017 2021 2023 2025 2027 2029

Year
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Presentation Notes
In the last ten years of the scenario, the wind industry could support 500,000 jobs, including over 150,000 direct jobs.
Figure C‑7 shows employment impacts during the same years, but adds the indirect and induced jobs. The bottom three bars (manufacturing, construction, and operations—including plant workers and other direct jobs) are direct jobs only. This chart depicts the large impact from the indirect and induced job categories, compared to the initial direct expenditures in the direct categories. 



LI D
| POINERING
| w[ERICA

Cumulative Water Savings from 20% Scenario

Water Savings
Billions of Gallons

o

[ Joo1-25

B 25 -50

I =0 - 100

- oo

Reduces water consumption of 4 trillion ga'li(’ms through 2030

(represents a reduction in electric sector water consumption by
17% in 2030)
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Wind Power Avoids Other Negative Impacts

* Wind power avoids the
negative impacts of
fossil fuel-based
electricity generation:

— Air emissions of mercury
or other heavy metals

— Emissions from "’
extracting and |
transporting fuels

- Lakdefand Streambed Photo courtesy: NREL
acidification -

— Production of toxic solid
wastes, ash, or slurry
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Other Benefits of 20% Wind Energy

* Improves energy security by diversitying electricity
portfolio with an indigenous energy source

* Reduces fossil fuel demand and fuel prices, helping
to stabilize electricity rates

16 -
14 | Daily price history of 1st-nearby
4 NYMEX natural gas futures contract NYMEX
12 1 natural gas - 12

futures strip
from 09/22/2010

Nominal $/MMBtu (Henry Hub)
Nominal $/MMBtu (Henry Hub)
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) Results: Costs & Benefits S

Incremental direct cost to society $43 billion

Reductions in emissions of greenhouse |825 M tons (2030)

gasses and other atmospheric pollutants | $98 pillion

Reductions in water consumption 8% total electric
17% in 2030

Jobs created and other economic 150,000 direct

benefits $450 billion total

Reductions in natural gas use and price | 11%

pressure $150 billion

Net Benefits: $205B + Water savings
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Presentation Notes
Incremental cost of wind installations:  $43 B
Savings of  $250 B in C and NG
Net benefits $200B plus jobs and water (not net valued)
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Conclusions o

« 20% wind energy penetration is possible

« 20% penetration is not going to happen under business
as usual scenario

* Policy choices will have a large impact on assessing the
timing and rate of achieving a 20% goal

« Key Issues: market transformation, transmission, project
diversity, technology development, policy, public
acceptance

« 20% Vision report: May 2008 (www.20percentwind.org)
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WindPower can fund Schools – www.wind.utah.gov
Kotzebue Alaska
Federated Rural Electric
 Randy Berggren, general manager, Eugene Water and Electric Board
Bob Thresher and Peter Goldman
Rosebud
 MinWind
 Farmer with tractor
Teachers
NREL Blade with Richardson and kids
Manufacturing
Roger Hamilton
Christopher Reed, Moorhead Public Service, Moorhead, Minnesota
Governor Brian Schweitzer, Montana
 Dan Juhl
  John Stulp, county commissioner, Prowers County, Colorado
 Lisa Daniels, Windustry
 George Bush
  Penn State
 Glenn Cannon
 Kids on a merry-go-round in front of a turbine
 Native american kids
 Farmer – Harvesting the wind
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