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Evolution of U.S. Commercial Wind Technology
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Increased Turbine Size - R&D Advances - Manufacturing Improvements
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DOE partnerships with industry over the past 20 years have lead to a significant decrease in the cost of energy from wind and an increase in capacity.



More gains are on the horizon.


People Want Renewable Energy!

Total Installed Wind Capacit

1. Germany: 20952 MW

2. Spain: 12500 MW

3. United States: 12376 MW
4. India: 7093 MW

5. Denmark: 3136 MW
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World total July 2007: 78728 MW
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Total: 12,011 MW
(As of 5/31/07)

United States - Current Installed Wind Power Capacity (MW)
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* Declining Wind Costs
* Fuel Price Uncertainty

 Federal and State
Policies

« Economic Development
 Green Power
 Energy Security

Crop of the
21ST Century

L US. D!pa ment of Ener
. Wind E: rqy!’mg
o Bup:JMww.elendoe oviwind

tor Rticn All aroa



(anH AiusH) mgININ/$ leulwoN
© <t (q\| o
~ ~ ~ ©O <t

2

NYMEX
natural gas

futures strip
from 07/21/2006

nearby

p)
b)
O
—
A
O
e
@)
.
R
I
_
(p)
(0
Q)
I
—
)
=)
QU
Z

Daily price history of 1st
NYMEX natural gas futures contract

o
(@)
(@)
-—

, , , , , I B R
(o] < AN o e0) o < Q\]
< <

-

(anH AiusH) ngININ/$ leulwoN

0
Source: LBNL




Renewables Portiolior Standards

MN: 25% by 2025 ME: 30% by 2000
Xcel: 30% by 2020 10% by 2017 - new RE
*WA: 15% by 2020 growth by 2012

5% - 10% by 2025 (smaller utilities) RI: 16% by 2020

| ND: 10% by 2015 | 31X NH: 23.8% in 2025
PMT: 15% by 2015 ity 100 g 2018 ot MA: 4% by 2009 +
: 159 : 1% it
OR: 25% by 2025 (large utilities) MT: 15% by 2 v % annual increase

CT: 23% by 2020

v 2 oz |  msuw]
Lt *NV: 20% by 2015 - 2t NY: 24% by 2013

1t CO: 20% by 2020 (10Us) X NJ: 22.5% by 2021
*"’% by 2020 Loopent targe munis)] i MM o
CA: 20% by 2010 MO: 11% by 2020] 5 It PA: 18%' by 2020

s —

3t *DE: 20% by 2019
£t DC: 11% by 2022

't NC: 12.5% by 2021 (10Us)

ﬁ AZ: 15% by 2025 10% by 2018 (co-ops & munis)

¥ NM: 20% by 2020 (I0Us)

N
10% by 2020 (co-ops)
TX: 5,880 MW by 2015 | ‘

State RPS
ﬁ State Goal

HI: 20% by 2020

¥ Minimum solar or customer-sited RE requirement
* Increased credit for solar or customer-sited RE
'PA: 8% Tier I/ 10% Tier II (includes non-renewables); SWH is a Tier II resource

DSIRE: www.dsireusa.org August 2007
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Wind Energy Invesiors
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Environmental Benefits

* No SOx or NOx
* No particulates
 No mercury

* No CO2
 No water L



) ONRD
7S pONEmNG

[ NERICA

Key. Issuesi for Wind Pewer

Policy Uncertainty

Siting and Permitting: avian,
noise, visual, federal land
Transmission: FERC rules,

access, RTO formation, new
lines

Operational impacts:
intermittency, ancillary
services, allocation of costs

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



A New Vision
For Wind Energy.in the U.S.

 State of the Union Address

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

Advanced Energy Initiative

“Areas with good wind resources have the
potential to supply up to 20% of the
electricity consumption of the United States.”
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Presentation Notes
Wind energy can have a dramatic impact on how we produce electricity in this country 



State of the Union Address

“To change how we power our homes and offices, we will invest more in … revolutionary solar and wind technologies”

Advanced Energy Initiative

“Areas with good wind resources have the potential to supply up to 20% of the electricity consumption of the United States.”

“Through the large-scale replacement of gasoline with electricity and hydrogen … from … renewable technologies, we could dramatically reduce future oil use, balance-of-payment deficits, and emissions”


20% Wind-Electricity Vision

Wind energy will provide 20% of U.S.
electricity needs by 2030, securing
America’s leadership in reliable, clean
energy technology. As an inexhaustible and
affordable domestic resource, wind
strengthens our energy security, improves
the quality of the air we breathe, slows
climate change, and revitalizes rural
communities.

dwed

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



Installed Wind Nameplate Capacity by State (2030)

Wind Capacity
Total Installed (2030)
(GW)

" ]oo-01

0.1-1

[1-5
I:l 5-10 The black square in the center of a state represents the
land area needed for a single wind farm to produce the

- 10-20 projected installed capacity in that state. The white square

- =20 represents the actual land area that would be dedicated
to the wind turbines (2% of the black square).

Wind_Vision_06-19-2007 - DRAFT




Viarket 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
Lack of utility financial incentives to own wind facilities

High cost and low turbine availability for community
projects

High cost and permitting challenges of <1 MW turbines
Uncertainty in emerging emissions REC markets




Onshore and Offshore Wind Generation Potential by NERC Region

2004 Energy Consumption
Il \ERC Region Load: 169 - 987 TWh

Wind Potential Generation

I Onshore, Class 3 and greater: 0 - 10,013 TWh
Onshore, Class 4 and greater: 0 - 4,390 TWh

B offshore, Class 4 and greater: 0 - 1,325 TWh
Offshore, Class 5 and greater: 0 - 803 TWh

Exclusions were applied to the onshore wind
resource areas. Offshore resource was limited

to shallow areas (<30 m) within 50 nm of shore.

U.S. Department of Energy
National Renewable Energy Laboratory

02-JUN-2006
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600+ land based

400+ offshore


—&— Cumulative Capacity (left scale)

—— Annual Capacity (right scale)
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87% land-based, 13% shallow offshore



Immediate response to assumed RPS implementation in 2008.

 - annual installation rate climbs rapidly then levels off at about 15 GW/yr








Wind Capital Cost
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2030 - Between PCA Transfers and In-PCA Use for Wind (All Classes)

Total Between PCA Transfer >= 100 MW (all power classes, onshore and offshore)
Arrows originate and terminate at the centroid of the PCA for visualization purposes; they do not represent physical locations of transmission lines.

Wind (MW) Used
Inside the PCA
Wind (MW) on | — . | 100-300
Transmission Lines ‘ 5 | 300-500
Existing New 2 ‘ I 500 - 1000
% > 100-200 4 -: I 000 - 5000
—» —» 200 - 500 I > 5000
—— — 500 - 1000
s = > 1000

Wind_Vision_06-19-2007 - DRAFT




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

NPCC

S $37.7 B
MRO = Jc: 71,000
$54.1 B A JO: 274100

164,500
JO: 439,500

Economic Impacts e 3 FRCC

[ Monetary Impact over 20 yrs (Billion $) “ U.S. Total J? 732 ?OO

B Jobs (JC): FTE Years During Construction " $410.7 B . JO: 135,400

I Jobs (JO): FTE Years over 20 yrs Operation JC: 1,007,200
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_06-19-2007 - DRAFT




Jobs Created

| 300-1,000

| ]1,000-5,000
| 5,000 - 10,000
I 10,000 - 20,000
B 20 000 - 30,000
B > ;0000

Total Cumulative Manufacturing Jobs Created by Scenario
that Meets 20% of U.S. Electricity Needs From Wind
(2007 - 2030)

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

Major component assumptions: 50% of blades are manufactured in

U.S. in 2004 increasing to 80% in 2030, 26% of towers are from the

U.S. in 2004 increasing to 50% in 2030 and 20% of turbines are

made inthe U.S. increasing to 42% by 2030. Wind_Vision_Jobs_06-19-2007 - DRAFT




Cumulative Carbon Savings

2010 2025

Cumulative
Carbon Savings
(2007-2050, MMTCE)

Present Value Benefits Levelized Benefit of Wind
(billion 2006$) ($/MWh-wind)

4,182 MMTCE $ 50 - $145 $ 9.7/MWh - $ 28.2/MWh
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Presentation Notes
Comparing the 20% Wind Vision scenario with a case where no additional wind technology is added after 2006 provides a way of estimating the potential carbon emission reduction that could be attributed to the wind energy.  This scenario assumes that the conventional generation mix is allowed to expand while optimizing the total cost without any carbon regulation policy.  Figure 3 illustrates the cumulative carbon emission reduction of over 2,000 MMTCE attributed to producing 20% of the nation’s electricity from wind during the significant wind energy expansion period between 2005 and 2030.  Extrapolating the cumulative carbon emission avoidance over the 20-year wind plant life through 2050 results in over 4,000 MMTCE.  Note that other technologies could be employed to further reduce future carbon emissions. 



Increased use of wind power reduces carbon emissions in the electricity sector.  WinDS output (with extrapolations used for 2030-2050) predicts cumulative carbon savings over the 2007-2050 timeframe of 4,180 MMTCE in the Vision scenario.  Such reductions have the effect of reducing the environmental consequences of electricity generation and/or offsetting the cost of future carbon regulation.

While the timing and magnitude of future carbon regulation is uncertain, it would be imprudent to not consider this risk in making electricity investment decisions.  A recent report by Synapse Energy Economics (Johnston et al. 2006) provides a comprehensive review of the risk of carbon regulation, reporting on the results of a diverse set of modeling studies and experiences from emerging carbon markets in Europe and elsewhere.  In so doing, Synapse develops its own forecast of future carbon dioxide costs.  As an average over the 2010-2030 timeframe, Synapse suggests the use of the following costs:  (1) low – $9.8/ton-CO2; (2) mid – $21.8/ton; and (3) high – $33.9/ton.[1]  The range reflects the fact that the probability and severity of future carbon regulations is difficult to predict.  

Applying these posited costs to the carbon emissions reductions estimated by WinDS (and assuming that carbon costs in 2030 remain constant through 2050), one can roughly calculate the benefits of wind in reducing the financial consequences of future carbon regulation.[2]  As shown in Table 5, wind generates expected savings of $98 billion through reduced exposure to carbon regulation costs in the Vision scenario (2007-2050, consistent with the direct costs shown earlier), when considering Synapse’s mid-case for carbon costs.  These savings vary from $50 to $145 billion in present value terms, depending on the stringency and timing of future carbon regulation.  The benefits of wind generation that derive from these savings range from $9.7-$28.2/MWh-wind in the Vision scenario. 

�[1] Synapse actually provides three cost streams that vary over the 2010-2030 timeframe.  These time-variant assumptions are what are used in our calculations; here we simply report the average of those cost streams.  For the period beyond 2030, we assume that the Synapse estimates for 2030 hold constant.

[2] These are rough estimates.  Ideally, one would directly assess the impact of carbon regulations on wind power deployment within WinDS.  Doing so would likely yield somewhat lower benefit estimates for wind deployment, because other technologies would compete to provide carbon reductions. 
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12 Key: Viessages

. 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,
iIncluding 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



12 Key: Viessages cont.

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

8. 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.

9. 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 account for non-emitting technologies.
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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 action plan: Fall 2007

Source: AWEA 20% Vision



“With public sentiment nothing can falil;
without it, nothing can succeed.”

- A. Lincoln



) NiND

Humanity's llep llen
Problems; fior next 501years

Energy
. Water

Food
Environment

. Terrorism & War
Disease

Education

1.

2

3

4

5. Poverty
6

14

8

9. Democracy
1

0. Population

Source: Nobel laureate, Richard Smalley
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