
NREL is a national laboratory of the U.S. Department of Energy, Office of Energy Efficiency and Renewable Energy, operated by the Alliance for Sustainable Energy, LLC. 

Wind Energy Update 

Wind Powering America 
January 2012 

Presenter
Presentation Notes
PIX PhotosSkystream at Milford Elementary (UT):14994; Jacobs 20 kW (water pumping):13311; NorthWind 100: 14405; GE 1.5 MW (agriculture): 16037; Wind Farm: 15227



          NATIONAL RENEWABLE ENERGY LABORATORY 

Evolution of Commercial Wind Technology 
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Small (≤100 kW) 
Homes 
Farms 
Remote Applications (e.g. 
water pumping, telecom 
sites, icemaking) 

Midscale 
(100-1000 kW) 
Village Power 
Hybrid Systems 
Distributed Power 

Large, Land-based 
(1-3 MW) 
Utility-scale wind farms 
Large Distributed Power 

Sizes and Applications 

Large, Offshore     
(3-7 MW) 
Utility-scale wind farms, 
shallow coastal waters 
No U.S. installations 

Presenter
Presentation Notes
PIX numbers: small, 02102; midscale, 13764; large-land, 17593; large-offshore, 17855
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Capacity & Cost Trends 

As of January 2012 (AWEA) 

0

5000

10000

15000

20000

25000

30000

35000

40000

45000

50000

$-

$200 

$400 

$600 

$800 

$1,000 

$1,200 

1980 1985 1990 1995 2000 2005 2010

M
eg

aw
at

ts

D
ol

la
rs

/M
W

h
(2

01
0 

do
lla

rs
)

Cost of Energy and Cumulative US Capacity

Capacity (MW)

Cost of Energy ($/MWh)



          NATIONAL RENEWABLE ENERGY LABORATORY 

U.S. Wind Power Additions Slowed in 2010 

2010 Wind Market Report, LBNL 
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People Want Renewable Energy! 
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1. China: 50,000 MW 
2. United States: 43,675 MW 
3. Germany: 27,981 MW 
4. Spain: 21,200 MW 
5. India: 15,600 MW 

Source: WindPower Monthly 

World total December 2011: 215,744 MW 

Total Installed Wind Capacity 
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Texas Leads Capacity, But Not Penetration 
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Since 2006, Wind has been a major contributor 
to new U.S. electric capacity 
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U.S total wind contributions still low compared 
to other leading countries 

2010 Wind Market Report, LBNL 
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Average Installed Cost Held Steady in 2010, 
But is Expected to Decline in 2011/12 

2010 Wind Market Report, LBNL 
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Roughly 260 GW of Wind Power Capacity in 
Transmission Interconnection Queues 

2010 Wind Market Report, LBNL 
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Regional Differences Explain Some of the 
Underlying Variability in Wind Sales Prices 

2010 Wind Market Report, LBNL 
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Installed Wind Capacities 1999 – January 2012 

Total Installed Capacity: 
46,919 MW 
As of January 2012 
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Drivers for Wind Power 

Declining Wind Costs 
Fuel Price Uncertainty 
Federal and State 
Policies 
Economic Development 
Environment 
Public Support 
Green Power 
Energy Security 
Carbon Risk 
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Low Wholesale Electricity Prices Continued to 
Challenge the Relative Economics of Wind Plants 
Installed in  Recent Years 

2010 Wind Market Report, LBNL 
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Natural Gas – Historic Prices 
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Copper & Steel Price Source: World Bank, Commodity Price Data, Jan 2012 

Wind Cost 
Drivers 
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US/Euro Exchange Rate: http://research.stlouisfed.org/fred2/graph/?id=DEXUSEUCopper/Steel prices: http://econ.worldbank.org/WBSITE/EXTERNAL/EXTDEC/EXTDECPROSPECTS/0,,contentMDK:21574907~menuPK:7859231~pagePK:64165401~piPK:64165026~theSitePK:476883,00.html
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Historical Coal Prices 
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Settlement Date

CAPP/NYMEX Coal Futures Settlement Prices (2004-2011)

Central Appalachian (QL)

Western Rail  PRB (QP)

Eastern Rail CSX (QX)

Indonesian (McCloskey) SUBBIT

Source: EIA 
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Presentation Notes
Source: EIA, http://www.eia.gov/coal/nymex/html/nymex_historical.html 
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CO2 prices significantly increase the cost of coal 

Levelized Cost of Electricity (2010) vs. CO2 Price
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Renewable Portfolio Standards 
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 Green Power Products Available 

 Restructured Electricity Market 

 No Green Power Activity 

 Indicates Number of Utilities/Companies Offering   
 Green Power Products 
  Source: National Renewable Energy Laboratory (September 2008) 
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Wind Energy Investors 
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Windy Rural Areas Need Economic Development 

US Population Change (%), 2000-2010 



          NATIONAL RENEWABLE ENERGY LABORATORY 

Construction Workers 
Management 
Administrative Support 

Project Development & 
Onsite Labor Impacts 

Turbine & Supply 
Chain Impacts Induced Impacts 

Legal, siting, and permitting 
Cement truck drivers 
Road crews 
Maintenance workers 

Blades, towers, gear boxes 
Jobs and earnings 
that result from the 
spending supported 
by the project, 
including benefits to 
grocery store clerks, 
retail salespeople, 
and child care 
providers 

Boom truck & 
management, gas and gas 
station workers 
 
Supporting businesses, 
such as bankers financing 
the construction, 
contractor, manufacturers 
and equipment suppliers. 
Utilities. 
 
Hardware store purchases 
and workers, spare parts 
and their suppliers 

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

JEDI Model Version W1.09.03e 

Jobs and Economic Impacts from the JEDI Model: 
Wind Energy’s Economic Impacts 
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Project Development & Onsite Labor 

Sample Jobs: 
Truck Drivers 
Crane Operators 
Earth Moving 
Cement Pouring 
Management 
Support 

25 
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Local Revenues, Turbine, & Supply Chain 

Equipment manufacturing and sales - 

Property taxes - Financing, banking, accounting 

Steel mill jobs, parts, services - Blade and tower manufacturers 

26 
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Induced Impacts 

Money spent on local area goods and services from increased revenue: 
sandwich shops, child care, grocery stores, clothing, other retail, public 
transit, new cars, restaurants, medical services 

27 
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Typical U.S. Results from a 100MW Wind Project 

Direct Jobs 
70-100 Construction jobs* 

6-8 Operations & Maintenance Jobs* 

Increased Local Revenues 
Land lease payments: 
~$350,000 - $500,000 per year (3-6% of gross project revenue) 

Local property tax revenue: 
$500,000 - $1million per year  

Other Benefits 
Stimulate local industry (concrete, roads, environmental, siting, legal) 

Stimulate local manufacturing 

*Jobs are listed as full-time equivalents 
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Wild Horse Wind Power Project Phase 1  
(Ellensburg, WA) 

• Owned by Puget Sound Energy 
• Commissioned 2006 
• 228.6 MW 
• (127) 1.8 MW Vestas turbines 
• Estimated 2008 property tax 

payments totaled ~ $1.56 miilion 
• Project employed ~ 250 workers 

during peak construction 
• 14-18 O&M positions 
• ~ 80 acres of Washington 

Department of Fish and Wildlife 
land leased for the project 
providing between $60,000 and 
$125,000 annually 

• PSE also leases land from state 
Department of Natural 
Resources 

Image Credit: Annawjacobs, Creative Commons 

Presenter
Presentation Notes
Image Source, http://en.wikipedia.org/wiki/File:Wild_horse_wind_turbines.jpg 
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White Creek Wind Project (Klickitat County, WA) 

• Commissioned 2007 
• 204.7 MW 
• (89) 2.3 MW Siemens turbines 
• Last Mile Electric Cooperative- four publicly owned utilities: Tanner 

Electric Co-op, Lakeview Light & Power, Cowlitz County Public Utility 
District, Kilickitat County Public Utility District) 

• In order to take advantage of production tax credits, the original utility 
sponsors “sold” the project to White Creek Wind I LLC, a pass-through 
entity arranged by the broker-dealer arm of Meridian Companies 

• Once complete, White Creek’s equity sponsors assumed ownership in 
order to receive the project’s tax credits 

• Sponsoring utilities hold an option to buy the project back after 10 years 
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Our Wind Co-Op, Small-Scale Wind Turbine Projects 
(Washington and Montana) 

• Launched in 2002 to help reduce barriers 
associated with distributed customer-
owned wind energy development in the 
Pacific Northwest 

• Installed (10) turbines in Montana and 
Washington between 2003 – 2006 

• Bergey Windpower supported the project 
by offering a discount on equipment orders 
by ~ $7,000 per system 

• Projects were funded by various 
organizations including the USDA, DOE, 
Montana’s Department of Environmental 
Quality and the Bonneville Environmental 
Foundation 

• As a result of the numerous funding 
sources provided through Our Wind Co-op, 
the turbine host cost share for the initial 10 
sites was reduced by an average of almost 
80% to about $8,000, thereby reducing the 
actual average “payback period” from 55 
years to 7 years. 

Presenter
Presentation Notes
All information regarding Our Wind Co-Op was found on http://www.ourwind.org/windcoop/.PIX 14675
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NaturEner’s Glacier Wind Power Project 
(Toole/Glacier County, MT) 

• Owned by NaturEner 
• Phase 1 – online 2008  
• Phase 2 – online 2009 
• (210) 1.5 MW Acciona turbines  
• Tax Revenue from the project 

will be ~ $4 million annually for 
Glacier and Toole Counties 

• ~ $1 million in annual land 
agreements 

• Total construction jobs for both 
phases ~ 350 

• ~ 18 permanent positions 

Presenter
Presentation Notes
PIX 16086
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Jerome Middle School Wind Turbine (Jerome, ID) 

• (1) Skystream 2.4 kW turbine 
• Installed November 2008 
• Jerome Middle School received a Wind 

For Schools $4,600 grant through Boise 
State and the Tidwell Foundation to 
offset the turbine cost. 

• The school solicited the following local 
companies to donate time & materials in 
order to reduce the cost of installation: 
− Starr Corporation:  Foundation kit $373, 

Concrete $1000, Re-bar $600, Forming 
material $150, Equipment for digging 
foundation $320, Labor for foundation 
$2000. 

− H & H Utility:  Crane $3000, Pulling wires, 
Meter, Installation of Turbine  

− Portneuf Electrical:  1800 ft (3 wire 600 ft 
each) 4 gauge, 600 ft bare wire (no 
insulation) 8 gauge $1500.  

− Power by Jake (Jake Cutler):  Licensed 
Electrician $360  

In the end, Jerome Middle 
School paid ~ $3,720 for the 
turbine tower & various permits. 

Presenter
Presentation Notes
All information regarding Jerome Middle School wind turbine was verified by Katie Cutler of Jerome Middle School.PIX 16417
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Peetz Table Wind Energy Center, CO 

• 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.PIX 14109



          NATIONAL RENEWABLE ENERGY LABORATORY 

Twin Buttes Wind Farm (Bent County, CO) 

• 75 MW (GE 1.5 MW turbines) 
• Owned by Iberdrola Energy 
• Constructed in 2007 
• ~ 100 during peak 

construction 
• Will pay between $3,000 and 

$6,000 per turbine to 
landowners annually 

• 6 full-time O&M positions 
• Will pay ~ $200,000 in 

property tax annually 
 

Presenter
Presentation Notes
All information regarding Twin Buttes Wind Farm was confirmed by Paul Copelman, Iberdrola Energy w/ exception to property tax which was confirmed through Bent County, CO officials.PIX 15169
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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 
• Located near Highmore, SD 

(population 808) 
• Owned by FPL Energy 
• 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.PIX 15535
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Elkhorn Ridge Wind Farm (Bloomfield, NE) 

• 81 MW (27 Vestas 3 MW turbines) 
• 2/3 of the project is owned by Edison 

Mission Group, 1/3 owned by Tenaska 
• Online in 2009 
• Wind farm is Nebraska’s first 

Community Based Energy 
Development (C-BED) project 

• C-BED requires projects to have 1/3 
ownership by Nebraska residents 

• ~ 100 people employed during 
construction 

• 6 fulltime O&M positions 
• Project will bring in ~ $5.7 million in 

property taxes over the next 5 yrs 
• ~ $2.4 million of property tax money 

over the next five years will go to 
Bloomfield Community School District 

• ~$325,000 in annual land lease 
payments 

Presenter
Presentation Notes
All information regarding Elkhorn Ridge was found in Nebraska Public Power District Press Releases and Tenaska Press Releases.PIX 16436
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Spearville Wind Energy Facility (Spearville, KS) 

• 100.5 MW (67 GE 1.5 MW turbines) 
• Owned by Kansas City Power & Light 
• Online in 2006 
• ~ 200 people employed during construction 
• 11-12 fulltime O&M positions 
• In lieu of taxes, KCP&L gives nearly $15 million over next 30 years 

split between seven different taxing entities 
• ~ $2,000 per year for landowners 
• Between $200 million and $300 million spent in the community (steel, 

cement, hired locals and basic purchases)  

Image Credit: Jennifer Sovanski, Creative Commons 

Presenter
Presentation Notes
All information regarding Spearville Wind Energy Facility confirmed by Kate Ihrke, KCPL.http://en.wikipedia.org/wiki/File:Spearville_Wind_Energy_Facility_553085021_b8a45172a0_o.jpghttp://www.flickr.com/photos/7227284@N04/553085021/ 
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Bluegrass Ridge Wind Farm (Gentry County, MO) 

• 56.7 MW (Suzlon 2.1 MW turbines) 
• Owned by Wind Capital Group/John Deere 
• Constructed in 2007 
• Between 100 and 150 workers during peak construction 
• Will pay between $81,000 and $135,000 to landowners annually 
• Suzlon hired 9 individuals for O&M positions (4 local)  
• Slated to pay more than $500,000 in property tax in 2008 

 

Image Credit: Peter Young, Creative Commons 

Presenter
Presentation Notes
All information regarding Bluegrass Ridge Wind Farm was confirmed by Tom Carnahan, Wind Capital Group.Image Source: Peter Young, http://en.wikipedia.org/wiki/File:Blue_Grass_Ridge_Wind_Farm.jpg, Creative Commons licensing 3.0
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Rail Splitter Wind Farm (Logan and Tazewell, IL) 

• Owned by Horizon Wind Energy 
• Commissioned 2009 
• 100.5 MW 
• (67) 1.5 MW GE turbines 
• More than 200 employed during peak 

construction 
• Expected to employ 10-15 O&M 
• Annual Lease payments will be in excess of 

$500,000 and annual Neighbor payments 
will be in excess of $50,000.  

• In the first year, Logan County is expected 
to receive ~ $234,000 in tax revenue 

• Tazewell County local governments and 
school district are expected to receive 
$513,000 in tax revenue  

• Of the 67 turbines, 29 will be located in 
Logan County, 38 will be in Tazewell 

• Logan County also received ~ $230,000 in 
building permit fees. 

Photo courtesy of Julie Collins Bates 

Presenter
Presentation Notes
http://julietries.blogspot.com/2010/05/visiting-rail-splitter-wind-farm.htmlPhoto permission granted by Julie Collins Bates on 8/29/2011 via email.
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Streator Cayuga Ridge South Wind Power Project  
(Livingston County, Illinois) 

• Owned by Iberdrola Renewables 
• Commissioned 2010 
• 300 MW 
• (150) 2 MW Gamesa Turbines 
• More than 450 employed during 

peak construction 
• Expected to employ 15-20 O&M  
• 398,766 total project man-hours 

worked 
• Annual Lease payments will be 

~$1,200,000 
• $2,700,000-3,500,000 annually in 

tax revenue for Livingston County 

Photo courtesy of Greater Livingston County Economic Development Council 

Presenter
Presentation Notes
http://energy.gov/articles/vp-100-illinois-wind-farm-breathes-new-life-businessesPermission granted 8/29/2011 by Colleen O’Toole via email.
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Harvest Wind Farm 
(Chandler and Oliver Townships, MI) 

• 52.8 MW (32 Vestas1.65 MW) 
• Owned by John Deere Wind 

Energy 
• Online 2008 
• 80 jobs will be created during 

construction phase  
• Six to ten permanent employees  
• Land lease payments: 

~$3,000/turbine/yr  
• Project was supported with state 

tax incentive worth $6.5 million 
over 12 yrs 

• Project will receive ~ $5 million in 
sales tax exemptions through 
Michigan’s 
manufacturing/industrial 
processing exemption.  

Presenter
Presentation Notes
PIX 15312All information regarding the Harvest Wind Farm came from newspaper sources and press release.  These include the Huron Daily Tribune - http://www.michigansthumb.com/articles/2007/06/06/import/20070606-archive1.txt Michigan Live - http://blog.mlive.com/watershedwatch/2007/09/thumbs_mighty_windmills_provid.html#morePress release from former Governor Granholm - http://www.allamericanpatriots.com/48724724_michigan_michigan_governor_granholm_says_states_first_wind_farm_help_fuel_economic_diversif
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Byers Auto Group Wind Turbines 
(Columbus & Delaware County, OH) 

• Proven Energy 15 kW – Delaware County, 
OH. Dedicated on November 19, 2010.  

• Northern Power Systems 100 kW – 
Columbus, OH. Dedicated on October 22, 
2010. 

• Idea originated while constructing new 
Toyota showroom at the Delaware County 
location 

• Partially funded through an Ohio Department 
of Development Grant for $200,000 and the 
Section 1603 of the Federal Tax Code that 
provided one-third of the total project cost in 
the form of a line item tax credit.  

• Total cost of nearly $600,000 for both 
installations.  

• Columbus turbine Zoning and Permitting 
process - city used existing language 
pertaining to cellular towers. 

• Delaware County Zoning and Permitting 
process – group presented project to 
Delaware Planning Commission before 
receiving permission to install. 

• Renier Construction and Architectural 
Alliance secured all building permits that 
were needed to begin construction 
 

Presenter
Presentation Notes
PIX 18221, 18222All information concerning Pillar Mountain Wind Project was confirmed by Darron Scott of Kodiak Electric Association.



          NATIONAL RENEWABLE ENERGY LABORATORY 

Senior Housing Complex (Winter Harbor, ME) 

• Bergey Excel 10-kW turbine 
• Installed August 2007 
• Reduces energy costs for residents of 

a subsidized elderly housing complex 
• Entirely funded by a federal 

Residential Energy Assistance 
Challenge (REACH) grant  

• Wind turbine and tower cost $40,190 
• Installation cost $24,346 
• 3-year maintenance package included  
• Town debated: Is the wind turbine a 

tower (not subject to zoning) or a 
structure (regulated by zoning)?  

• Verdict: turbine is NOT a structure 

Presenter
Presentation Notes
PIX 15109
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Hull Wind II (Hull, MA) 
• Owned by Hull Municipal Light 

and Power (HMLP) 
• Commissioned in 2006 
• (1) Vestas 1.8 MW Turbines 
• Total cost of project ~$3 million 
• Annual O&M expenses are 

~$25,000, Insurance premiums = 
$16,000/year 

• HMLP signed a separate contract 
with Harvard University for 50,000 
MWh of RECs from Hull Wind II 
for a total of $1.8 million 

• The federal government provides 
a performance-based renewable 
generation incentive payment of ~ 
$0.018/kWh to municipal utilities 
called the Renewable Energy 
Production Incentive (REPI) 

Presenter
Presentation Notes
PIX 14674All information concerning Hull Wind II was confirmed by Andrew Stern. Project cost included $1.8 million for turbine, $850,000 for foundation, and $350,000 for other expenses.
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Soaring Demand Spurs Expansion of U.S. Wind 
Turbine Manufacturing 



          NATIONAL RENEWABLE ENERGY LABORATORY 

Manufacturing and Economic Development 

Total economic development impacts in Iowa 
(2,400 MW of development)
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Presenter
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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• Minnesota farmer cooperative 
(Minwind) 

• FLIP structure 
• Farmer-owned small wind 
• Farmer-owned commercial-scale 

Local Ownership Models 

© L. Kennedy 
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Comparing wind and coal in Indiana 
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Presenter
Presentation Notes
Analysis based on 2006 and 2007 cost data. Wind PowerCapacity factor - 36%Construction Cost - $1,650/kWOperations and Maintenance - $24.70/kW/yrProperty Tax - $15,800/MW/yrLandowner Royalty - $2,667/MW/yrCoal Power Capacity Factor - 85%Construction cost - $1,830/kWO&M cost - $48.00/kW/yrProperty Tax - $27,180/MW/yrFuel Cost - $1.21/mmbtu28% Indiana coal is used in the plantProperty 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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Comparing wind and coal in Michigan 
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Presenter
Presentation Notes
Analysis based on 2006 and 2007 cost data.Wind Power Capacity factor - 33%Construction Cost - $1,650/kWOperations and Maintenance - $24.70/kW/yrProperty Tax - $18,600/MW/yrLandowner Royalty - $2,667/MW/yrCoal Power Capacity Factor - 85%Construction cost - $1,830/kWO&M cost - $48.00/kW/yrProperty Tax - $20,600/MW/yrFuel Cost - $1.43/mmbtu0% Michigan coal is used in the plantProperty 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. Minimum depreciable value is 30%.
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JEDI Model Version W1.09.03e 

Landowner Revenue: 

Project Development & 
Onsite Labor Impacts 

Turbine & Supply Chain 
Impacts 

Induced Impacts 

Local Property Taxes: 

Construction Phase: 

Operational Phase: 

Construction Phase: Construction Phase: 

Operational Phase: Operational Phase: 

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

Totals (construction + 20 years) 

Total economic benefit: 
New local jobs during construction: 

New local long-term jobs: 

Jobs and Economic Impact from the JEDI Model: 
1,000 MW of Wind Power in Colorado 

•$3 million/year 

• $5.7 million/year 

• 502 new jobs 
• $39 million to local economy 

• 51 new jobs 
• $3.4M/year to local economy 

• $16.3 million/year to local 
economies 

• 73 new jobs 

• $414.8 million to local 
economies 

• 3,059 new jobs • 1,197 new jobs 
• $143.1 million to local 
economies 

• 63 new jobs 
• $7.6 million/year to local 
economies 

$1.32 billion 
4,758 
187 
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Environmental Benefits 

• No SOx or NOx  
• No particulates 
• No mercury 
• No CO2 
• No water 
• No waste 
 

Environmental impacts of wind are limited to immediate locality.  

Presenter
Presentation Notes
PIX 15215
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Energy-Water Nexus 

Sources: EPRI, NOAA, Western Resource Advocates 

Presenter
Presentation Notes
Lots of uses of water – power (highest power withdraws in US), human use(causing more stress); agriculture (highest water use) and bio-energy (takes over 600 gal of water to make one gal of ethanol), need to leave some for the rest of the animals on the planet combining with less water in most places due to global warming leads to a train wreck competing the power vs the agricultural sectors – wind does not use water.
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Key Issues for Wind Power  

• Policy Uncertainty 
• Siting and Permitting: avian, 

noise, visual, federal land  
• Transmission: FERC rules, 

access, new lines 

• Operational impacts: 
intermittency, ancillary services, 
allocation of costs 

• Accounting for non-monetary 
value: green power, no fuel 
price risk, reduced emissions 
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Key Issues for Wind Power  

Policy Uncertainty 
• Transmission: FERC rules, 

access, new lines, allocation 
of costs 

• Operational impacts: 
intermittency, ancillary 
services 

• Accounting for non-monetary 
value: green power, no fuel 
price risk, reduced emissions 

• Siting and Permitting: 
environmental impact, avian, 
federal land  

• Social Acceptance: noise, 
visual, home values, public 
perception 
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Policy and Capital Instability 

• Inconsistency results in instability and lack of investment in 
manufacturing capability 

• Policy implementation affects industry growth and stability. 
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Nysted Windfarm - Denmark 

Avian (Bird) Research 

• Over 200 projects, two problem sites. 
• Biggest problem was in Altamont Pass. 
• Manage by careful site selection. 

2% 

98% 
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http://www.fs.fed.us/psw/publications/documents/
psw_gtr191/Asilomar/pdfs/1029-1042.pdf 

Installation of enough wind to power eliminate all anthropogenic CO2 emission worldwide would 
result in between 1.4 to 14 million deaths – less than 1% that were killed by the Avian flu 
pandemic in 2005   
 – Jacobson Dec 2008 

Summary of Anthropogenic Causes of Bird Mortality, 
 - Erickson et. al., 2002 
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Bat Fatality Estimates (per MW) 

Presenter
Presentation Notes
Map of wind energy facilities (prepared by Paul Cryan), fatality rates of bats have been calculated for a number of these sites (purple).  The numbers I am about to show come from a review paper recently published in the Journal of Wildlife Management by Arnett et al.  These numbers indicate the number of bats estimated to be killed per megawatt of installed capacity per year.  For example here in West Virginia with 29 fatalities per megawatt at a 132 megawatt facility, you get about 3,800 bat fatalities per year. Because these fatality estimates were made using different techniques and thus subject to different sources of bias, they are not directly comparable, but they do give us some idea of the general magnitude of kills, by geographic region.  We see consistently high fatality rates in the East, with relatively high rates also in southern Alberta, Canada and a couple of sites in the Great Lakes region.  Many of the sites investigated in the western U.S. report lower fatality rates, but it is important to realize that fatalities are occurring at all of these sites, indicating a consistent impact that varies in magnitude with geography. For all we know all of these facilities might be equally likely to cause fatalities and the differences we are seeing could reflect different densities of the affected species across the landscape during the period of susceptibility.



          NATIONAL RENEWABLE ENERGY LABORATORY 

Mitigation and Management Options 

Implementation mitigating 
• Pre-construction assessment 

• Determine and avoid high risk 
areas 

• Impact mitigation 
Operation mitigation 
• Curtailment during high risk 

periods that may be predictable 
Technological 
• Development of techniques that 

deter or alert animals. 
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• Depends on the turbine, but a 
maximum of 45 db at 350 meters 

• Sound analysis is very common 
 

But that’s not the whole story: 
• Relative level of noise as it relates 

to background level 
• Individual noise sensitivity  
• Average vs. instantaneous levels 
• Noise can impact health – though: 

• Those who “use” the land 
• Those that “own” the land 
• People who like the concept vs. people 

who have a negative view 
The key is to visit a wind turbine 

How loud are wind turbines? 

Wind turbines make noise and that noise has an impact. 
What is the sound level of a utility-scale wind turbine? 
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Kasigluk, Alaska 

San Cristobal, Galapagos 

Visual Impact & Land Ownership 

• Clear, but not very well 
documented impact.  

• Based on data from new and 
existing wind plants - no clear 
long term cost impact to 
housing near wind farms, 
even for large homes 

• People who have 
demonstrated economic 
benefit are much more likely 
to support the project 

• Define the discussion, don’t 
let project proponents do that. 

• A large amount of 
visualization tools available to 
allow people to see what the 
site will look like – take 
advantage of them 

 

Presenter
Presentation Notes
PIX 16097
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20 % 

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

2 % 

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 

• Is not a prediction, but an analysis based on one scenario 
• Does not assume specific policy support for wind  
• Is 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 

Presenter
Presentation Notes
20% Wind Scenario: �Wind Energy Provides 20% of �U.S. Electricity Needs by 2030Key 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 firmAmerican Wind Energy Association (AWEA)Leading wind manufacturers and suppliersDevelopers and electric utilitiesOthers in the wind industry 
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2010 Costs w/o PTC, $1,600/MW-mile, 
w/o Integration costs 

Supply Curve for Wind Energy:  
Energy and Transmission Costs 

10% of existing 
transmission capacity 
available to wind 

Presenter
Presentation Notes
600+ land based400+ offshoreThis 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. 
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Installed Capacity as of  
January 2008 = 16,904 MW 

305 GW 

20% Wind Scenario 

Presenter
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? 

Source: DOE 20% Report 
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Capacity additions in 20% Scenario 

Annual Installed Capacity vs. Current 
Installed Capacity 

Source: AWEA, 2008 

Presenter
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.



          NATIONAL RENEWABLE ENERGY LABORATORY 

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).

Wind Capacity
Total Installed (2030)

(GW)
0.0 - 0.1

0.1 - 1

1 - 5

5 - 10

> 10

Includes offshore wind.

46 States Would Have Substantial Wind 
Development by 2030 

Presenter
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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Need for New Transmission: Existing and 
New in 2030 

Presenter
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 GWNew Capacity Lines within a WinDS region: 67 GWOver 12,000 miles of new transmission
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Economic Costs of 20% Wind Scenario 
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2% investment 

difference between 20% 
Wind and No New Wind 

 

Incremental investment cost of 20% Wind Scenario 

Presenter
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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20% Wind Scenario Impact on Generation Mix 
in 2030 

• Reduces electric utility 
natural gas consumption 
by 50%  

• Reduces total natural gas 
consumption by 11% 

• Natural gas consumer 
benefits: $86-214 billion* 

• Reduces electric utility 
coal consumption by 18%  

• Avoids construction of 80 
GW of new coal power 
plants 

U.S. electrical energy mix  

0%

20%

40%

60%

80%

100%

No New Wind 20% Wind

Natural Gas
Coal
Nuclear

Hydro
Wind

*Source: Hand et al., 2008 

Presenter
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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Fuel Savings from Wind 

Reduction in National Gas 
Consumption in 2030 (%) 

Natural Gas Price Reduction  
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Present Value Benefits 
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11% 0.6 -1.1- 1.5 86 - 150 - 214 16.6 - 29 - 41.6 

Electricity Sector 
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Cumulative Carbon Savings 

Cumulative 
Carbon Savings 

(2007-2050, MMTCE) 

Present Value Benefits 
(billion 2006$) 

Levelized Benefit of Wind 
($/MWh-wind) 

4,182 MMTCE $ 50 - $145 $ 9.7/MWh - $ 28.2/MWh 

Source: DOE 20% Vision Report 
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CO2 Emissions from the Electricity Sector 
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Presenter
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. 
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Construction Phase = 1-2 years 
Operational Phase = 20+ years 

JEDI Model Version W1.09.03e 

Landowner Revenue: 

Project Development & 
Onsite Labor Impacts 

Local Revenue, Turbine, 
& Supply Chain Impacts Induced Impacts 

Local Property Taxes: 

Construction Phase: 

Operational Phase: 

Construction Phase: Construction Phase: 

Operational Phase: Operational Phase: 

Totals (construction + 20 years) 

Total economic benefit: 
New local jobs during construction: 

New local long-term jobs: 

National (U.S.) Economic Impacts 
Cumulative Impacts from 2007-2030,  
From the 20% scenario – 300 GW new Onshore and Offshore Development 

• 1.3 M FTE jobs 

• $1,877 million 

• 834,072 FTE jobs 

• 366,441 FTE jobs 

•$783 million 
• 2.63 M FTE jobs • 2.75 M FTE jobs 

• 1.64 M FTE jobs 
• $65 billion to the US economy 

• $17 B to the US economy 

• $207 billion to the US 
economy 

• $526 billion to the US 
economy 

• $353 billion to the US 
economy 

• $192 billion to the US 
economy 

$1.36 trillion 
6.2 M FTE 
3.3 M FTE 

All assumptions based on DOE Report: 20% Wind Energy by 2030 
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Manufacturing Jobs Supported by State 

Jobs (in person-years)

Manufacturing location information from REPP Report by Sterzinger & Svrcek (2004)> 30,000

1,000 - 5,000

5,000 - 10,000

10,000 - 20,000

20,000 - 30,000

300 - 1,000

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.

Presenter
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 

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

Over 500,000 jobs 
supported by the 
industry  in 2030 

Approx. 180,000 
directly employed 
by wind  

}}

Presenter
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. 
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Cumulative Water Savings from 20% Scenario 

Reduces water consumption of 4 trillion gallons 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  
• Lake and streambed 

acidification  
• Production of toxic solid 

wastes, ash, or slurry 

PIX 00560 
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Other Benefits of 20% Wind Energy 

• Improves energy security by diversifying electricity 
portfolio with an indigenous energy source 

• Reduces fossil fuel demand and fuel prices, helping to 
stabilize electricity rates 
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Incremental direct cost to society $43 billion 
Reductions in emissions of greenhouse 
gasses and other atmospheric pollutants 

825 M tons (2030) 
$98 billion 

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

Jobs created and other economic 
benefits 

150,000 direct 
$450 billion total 

Reductions in natural gas use and price 
pressure 

11% 
$150 billion 

Net Benefits: $205B + Water savings 

Results: Costs & Benefits 

Presenter
Presentation Notes
Incremental cost of wind installations:  $43 BSavings of  $250 B in C and NGNet benefits $200B plus jobs and water (not net valued)
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Conclusions 

• Wind is no longer a niche technology in the US and around the world 
• Wind technology is competitive in the market 
• There are many drivers to the expanded development of wind  
• There are issues to wind development – so wind is not applicable 

everywhere 
• Change is hard – and there are many who like the way things are 

working now  
• But the nation needs energy and all energy has an impact 
• 20% wind energy penetration is possible but will not happen under 

business as usual scenario 
• Policy choices will have a large impact on assessing the timing and 

rate of achieving a 20% goal 
• 20% Wind by 2030 report: May 2008 (www.20percentwind.org) 

http://www.20percentwind.org/�
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20% wind is possible… 

…with stakeholders like you! 

Presenter
Presentation Notes
WindPower can fund Schools – www.wind.utah.govKotzebue AlaskaFederated Rural Electric Randy Berggren, general manager, Eugene Water and Electric BoardBob Thresher and Peter GoldmanRosebud MinWind Farmer with tractorTeachersNREL Blade with Richardson and kidsManufacturingRoger HamiltonChristopher Reed, Moorhead Public Service, Moorhead, MinnesotaGovernor 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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Carpe Ventem 

WPA is funded by DOE’s Wind and Water Power Program 

For more information, visit the Wind Powering America website, 
www.windpoweringamerica.gov or email us at: wpa@nrel.gov  

http://www.windpoweringamerica.gov/�
mailto:wpa@nrel.gov�

