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Evolution of U.S. Commercial Wind Technology
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People Want Renewable Energy!
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1. Germany: 21800 MW

2. United States: 16740 MW
3. Spain: 13915 MW

4. India: 7720 MW

5. China: 5000 MW

World total Jan 2008: 90,419 MW
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Source: WindPower Monthly and AWEA
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Total: 16,740 MW

United States - 2007 Year End Wind Power Capacity (MW)

Mane
42
v
#New Hampshire
| 1
w5
Rhode Island - 1

(AWEA) and Global Energy

(As of 123107) Concepts (GEC) database
Aaska
2
“, p Ty W ity U S. Degartment of Energy
/% ‘a () National Renewatie Energy Laborstory
s R - oo
o S
20-100
- » Hawas
1
63 D » V-JAN-2U08 1 1 27




‘g E’ Ne=L 2N BN

Comparative Generation Costs
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For Wind Energy in the U.S.

State of the Union Address

“...We will invest more in ...
revolutionary and...wind
technologies”

Advanced Energy Initiative g el

“Areas with good wind resources have the MDVANGED]

i
potential to supply up to 20% of the ENERGYENITIAVIVE
electricity consumption of the United States.” oy

Installed Wind Nameplate Capacity by State (2030)

Wind Capacity
Total Installed (2030)
(GW)
00-01 Includes offshore wind "
0 1-1 -
[ 1-5 The black open square in the center of a state represents
- 5-10 the land area needed for a single wind farm to produce the
projected installed capacity in that state. The brown square
- > 10 represents the actual land area that would be dedicated
to the wind turbines (2% of the black open square) 20% Wing 08.19.2007
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Onshore and Offshore Wind Generation Potential by NERC Region

2004 Energy Consumption
I NERC Region Load: 169 - 987 TWh

Wind Potential Generation
I Onshore, Class 3 and greater: 0 - 10,013 TWh Exclusions were applied 10 the onshore wind Us S

P Onshore, Class 4 and greater: 0 - 4,390 TWh resource areas. Offshore resource was imitted ble Energy L Yy
to shallow areas (<30 m) within 50 nm of shore

Il Offshore, Class 4 and greater: 0 - 1,325 TWh
Offshore, Class 5 and greater: 0 - 803 TWh 02-JUN-2006
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What does 20% Wind look like~
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Market Challenges

» National and state policy uncertainty

* Mixed stakeholder perspectives and knowledge
 Electricity supply planning based on capacity

« Variable wind output viewed as unreliable

* Incomplete comparative generation assessments

* Mismatch of wind and transmission development
timeframes

» Federal lending all source requirements for G&T's
» Lack of interstate approach to transmission development
» Uncertainty in emerging emissions REC markets

» High cost and low turbine availability for community
projects

» High cost and permitting challenges of <1 MW turbines






20% Wind Electricity by 2030 - Economic Impacts by NERC Region

MRO
$5418
LIC: 154500
JO: 439,500

WECC

$7958
JC; 229,400,
JO: 682200

Economic Impacts

B Monetary Impact over 20 yrs (Billion $) U.S. Total

I Jobs (JC): FTE Years During Construction $410.7 8B -
Jobs (JO): FTE Years over 20 yrs Operation JC: 1,007,200
[ il K At g JO: 3.237.400 U.S. Department of Energy
Wind Vision case = 304 GW of wind capacity. National Renewable Energy Laboratory

All job values rounded to the nearest 100

\Wind_Vision_08-19-2007 - DRAFT

EvN? National (U.S.) - Economic Impacts 3%,

Cumulative impacts between 2007-2030 (NPV) — =7

From the 20% Scenario- 300 GW new Onshore and Offshore development

Indirect &
Directimpacts ~ |hqyced Impacts

Payments to Landowners: Construction Phase:
i +$317 M * 4.46 M FTE jobs

i Local Property Tax Revenue: + 5247 B to the US
+ $760 M economy
Construction Phase: Operational Phase:
*1.75 M FTE jobs *2.15 M FTE jobs
* $111 B to the US economy * $60 B to the US
Operational Phase: economy
*1.16 M FTE jobs

~ *$26 B to the US economy

All monetary values are in 2006 dollars. Net present value (PV) N
adjustments are made based on a discount rate of 7% Construction Phase = 1-2 years
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Cumulative Carbon Savings
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Fuel Savings From Wind i
Electricity Sector
Fuel Usage
Reduction in National Gas | Natural Gas Price Reduction | Present Value Benefits | Levelized Benefit of
Consumption in 2030 (%) in 2030 (20068/MMBiu) (billion 20068) Wind (S/MWh)
1% 06-1.1-1.5 86-150-214 16.6-29-41.6
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Cumulative
Carbon Savings
(2007-2050, MMTCE)

4,182 MMTCE

Present Value Benefits
(billion 20068)

$50-8145

Levelized Benefit of Wind
(S/MWh-wind)

$9.7/MWh - § 28 2/IMWh
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Electric Sector CO, Emissions
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The heating is not uniform geographically

Average T for 2001-2005 compared to 1951-80, degrees C
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J. Hansen et al., PNAS 103: 14288-293 ( 2006)



Current change: Coastal glaciers are
retreating

Muir Glacier, Alaska, 1941-2004
August 1941 August 2004

NSIDC/WDC for Glaciology, Boulder, compiler. 2002, updated 2006. Online glacier
photograph database. Boulder, CO: National Snow and Ice Data Center.

Sea ice is receding

Extent of Arctic summer
ice in 1979 (top satellite
image) and in 2003 (lower
satellite image).

North Polar ice cap is sea
ice -- it's floating and so
does not change sea level
when it melts.

But the reduced reflectivity
when the ice is replaced
by water amplifies the
warming effect of
greenhouse gases.

NASA
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Incremental Cost of 20% Wind
Visi
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Direct Costs Levelized Cost of Wind Levelized Rate lmpact Houschold Customer
(billion 20065)* (SIMWh-Wind)* (S MWh-Total)y* (S/maon )y
Vision $43 billion $3.6MWh SO.6MWh S0 S/manth
Scemario
* 7% real discount rate is used, as per OMB guidance; the time period of analysis is 2007-2050, withWinDS
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Results: Costs & Benefits

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

140,000 direct
$450 billion total

Reductions in natural gas use and
pressure

price

1%
$150 billion

Net Benefits: $205B + Water savings
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12 Key Messages _ Ziremaca

. Wind energy provides multiple benefits at the national,

regional, state, and local levels

. Targeted messages and education are needed for the

diverse set of stakeholder interests and perspectives,
including regional variations in same.

. Convergence of energy security, carbon liability and fuel

uncertainty concerns is likely to transform the market for US
electricity supply.

. Federal and state policies are needed for a diversified and

robust wind energy portfolio

. Community and distributed wind are important building

blocks for public acceptance of a 20% wind future.

. Resource planning and procurement should maximize use

of low marginal cost, zero-emissions energy resources,
which displace more expensive fossil fuel
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12 Key Messages con't. _ Deca

0.

All environmental (including water savings) and economic
impacts and risks should be included in comparative
resource economics.

Wind is the crop of the 21st Century for rural America, and
the resulting economic benefits need to be included in
comparative assessments of generation options.

Wind deployment can ramp up rapidly and incrementally to
meet local and regional load growth.

10. The federal sector (both facilities and transmission)

represents significant opportunities for leadership in use
and transmission of wind.

11. Meeting most load growth with wind power buys time for

the development and commercialization of advanced coal
technologies able to sequester carbon.

12.In air quality markets, policies need to be crafted carefully

to aceolint for non-emittina technoloaies.
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Conclusions

« 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: Spring 2008

Alaska - Wind Resource Map

Alaska Wind Resource
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www.windpoweringamerica.gov



