WindEnergy.




Slizesiand Applications

Small (<10 kW)

(‘\
Homes &
« Farms \ ~ Intermediate
|
!
\
[

Remote Applications (e.g.
water pumping, telecom (10-250 kW)
Village Power

sites, icemaking)
Hybrid Systems

Small Distributed
Power

5 -

_ Large (250 kW — 2+ MW)
Central Station Wind Farms
Community Distributed Power




Capacity’ & Cost lirends

Cost of Energy and Cumulative Domestic Capacity
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Increased Turbine Size - R&D Advances - Manufacturing Improvements




U.S\ Leads Woerld infAnnual VWind
Capacity’ Additions; TThird inf Cumulative Capacity.

Table 1. International Rankings of Wind Power Capacity

Cumulative Capacity Incremental Capacity
(end of 2006, MW) (2006, MW)

Germany 20,652 us 2,454
Spain 11,614 Germany 2,233
US 11,575 India 1,840
India 6,228 Spain 1,587
Denmark 3,101 China 1,334
China 2,588 France 810
[taly 2,118 Canada 776
UK 1,967 UK 631
Portugal 1,716 Portugal 629
France 1,585 Iltaly 417
Rest of Wold 11,102 Rest of World 2,305

TOTAL 74,246 TOTAL 15,016

Source: BTM, 2007 AWEA/GEC dataset for U.S. cumufative capacity.




U.SiLagaing Other Countries o
Wind As a Percentage of Electricity Consumption
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Geographic Spread of Wind Projects

|
ND: 178  _MN: 895
(80) m ™ (150) &

3 Wind Projects == 1 MW
» Py i O] Online Prior to 2006
TX: 2 739 . A Added in 2006

774 . Source: Platts, powermap_platts.com,
( ) ! ©2007, a Division of the McGraw-Hill

e 1,;{_’ Companies

Installed capacity data are from the
AWEA/GEC database. Locations
are based on matching the database
with Platts POWERmap data, the
physical description in the database,
and other available data sources.

Wind Power Capacity U.S. Department of Energy
Megawatts (MW) Mational Renewable Energy Laboratory
I 1,000 - 3,000
[ 100- 1,000
= 20-100
] 1-20




Drivers, for \Wind Power

Declining Wind Costs
Fuel Price Uncertainty

Federal and State
Policies

Economic Development
Green Power
Energy Security

VCrop of the
21ST Century

u
Wind Energy Program
hitp diwww eren doe.goviwind/



Wind Cost off Energy
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INationally,, Wind Has Been Competitive
with VWWholesale Power Prices in Recent Years
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Nationwide Wholesale Power Price Range (for a flat block of power)
@ Cumulative Capacity-Weighted Average Wind Power Price

2003 2004 2005 2006
42 projects 54 projects 70 projects 85 projects
2,416 MW 3,216 MW 4,309 MW 5,678 MW

Source: FERC 2006 and 2004 “State of the Market” reports, Berkeley Lab database.

« Wind projects built from 1998-2006 have, in aggregate, been competitive
relative to conventional wholesale prices over the 2003-06 timeframe

« Wholesale price range reflects a flat block of power across 26 pricing hubs
in the U.S. (see map on previous slide)

« Wind costs represent capacity-weighted average price for wind power for
entire sample of projects built from 1998-2006



Renewables Portiolior Standards

ME: 30% by 2000

MN: 25% by 2025 10% by 2017 goal - new RE
*WA- 150 . growth by 2012
WA: 15% by 2020 (Xcel: 30% by 2020) It NH: 23.8% in 2025

MT: 15% by 2015 WI: requirement varies by MA: 4% by 2009 +
utility; 10% by 2015 goal 5 1% annual increase
OR: 25% by 2025 (large utilities) v O
5% - 10% by 2025 for smaller utilities - RI: 16% by 2020

2

; . CT: 23% by 2020
2t NV: 20% by 2015 ‘ .mm i £t NY: 24% by 2013
et 0O .

:
O |'NM: 207 by 2020 10us)
) 2t DC: 11% by 2022
*VA: 12% by 2022

TX: 5,880 MW by 2015 i

HI: 20% by 2020 State RPS
. # state Goal
O 1t Minimum solar or customer-sited RE requirement e Solar water heating
* Increased credit for solar or customer-sited RE (SWH) eligible

'PA: 8% Tier I/ 10% Tier II (includes non-renewables); SWH is a Tier II resource

DSIRE: www.dsireusa.org July 2007



Wind Energy: Investiors
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SIS BP Solar
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ERvironmental Benelits

 No water




Energy-VWaterrINexus




Key:Issues o Wind Pewer

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, RTO formation, new value: green power, no fuel

lines price risk, reduced emissions



Installed Wind Nameplate Capacity by State (2030)

Wind Capacity
Total Installed (2030)
(GW)

. |0.0-01

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




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 ‘ o | 300-500
Existing New 5 ¢ I 00 - 1000
~»  »100-200 4 -; B 1000 - 5000

— — 200 - 500 I : 500
—» —— 500 - 1000

— = > 1000

Wind_Vision_06-19-2007 - DRAFT




Date Osborn & Famons Diagan
“Wend) Proiect Develbpment, Procesd

Site Selection

This is not always a straight Land Agreements

forward process and the
steps are not always in this Wind Assessment

. order. Environmental Review

Sometimes the steps are

repeated in an iterative Economic Modeling

fashion to optimize the Interconnection Studies
Permitting

economics of the project
Sales Agreements




Site Selection

 Depends upon who the owner is
and who the wind power is for

* Schools or businesses usually
want turbine right at facilities

* Municipal and cooperative
utilities want the turbine(s) to be
near or in their service territory

— This somewhat limits the
suitable areas

« Larger projects are sited in windy
areas relatively close to available
transmission lines

* FAA height restrictions often
affect projects near towns and
cities




LandlAgreements

Single 900 kW Wind Turbine
Owned By Waverly Light & Power

Connected to 13.8 kV
Distribution Line

-‘:-. .'. % 1.‘."-_!'\..1'. R Mo s, ") ;
AR g}’lﬁ.ﬁ- AR, e
R 2 RO
éé&.ﬂkﬁ-ﬁ' AT d

Land may already be owned
by turbine owners

— Schools, businesses

Land may be owned by
project beneficiaries

— municipal and cooperative
utilities

Land owned by unrelated third
parties
Agreements have options to
exercise in a given amount of
time and agreements specify
the payment rates

— Typically $3,000 to $6,000
per turbine / year



Wind Assessment

Historically, met towers
have been used with 1 year
of data being required,
depending on the project
size and financing
requirements.



Econemic Viedeling

« Extremely important

« Preliminary evaluations
are often done for site
selection purposes

* More detailed evaluations
are done for design and
layout optimization

« Very comprehensive for
due diligence for outside
financing

!
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TThe Overall Economics of Wind Generation
S| Determined! by a Balance of Factors

Financial
Incentives

Cost of

Money

Cost to
Interconnect

Price

of Electricity

Cost of
Turbine

Wind
Speed

A

Higher Values Higher Values
DISCOURAGE FAVOR
Wind Wind

Generation Generation
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Small projects are much
easier. If under 2 MW,
then it may be a simple
check of power quality
impacts if connected to the
distribution system costing
$500 to $2,500

Projects less than 20 MW
may cost $2,500 to
$50,000 in studies

Larger projects might cost
$50,000 to $500,000

An interconnection
agreement is required in
all cases.



Permitiing

May be very simple for
small projects in rural
areas that have few
regulations

Typically county or city
approvals needed

May include state
environmental agencies

Some states have
formalized processes
depending upon size of
project

FAA rules often impact
siting



— Municipal, cooperative

utilities
Larger projects usually
need a Power Purchase

Agreement (“PPA”)
because all power is sold




[Financing

Some projects are financed
internally

— usually very small projects
when the owners use
available cash, or

— Large projects owned by
large corporations or
utilities, such as BP, FPL,
or MidAmerican Energy

Usually commercial loans or
bonds are needed

If income tax benefits can’t be
used by owners, then an
outside equity partner is
usually needed with a
partnership flip financial
structure



Turbine Procurement

 Difficult today
_  Manufacturers can be

AN RV e AV i h v i

% M\ﬂmmmmmmm plcll<y.... they can select
R | : | 000 = their customers
e « May need to use small

niche manufacturers

e Can get turbines through
larger developers who buy
them in large lots. They
will likely want to be
partners in the project

« Various types and
numbers of turbines
become available due to
changes in developer’s
plans

il




Construction Contracting

« Small projects may use
local contractors or project
managers that hire various
local area subcontractors

— May be a turnkey
contract
« Large projects may hire
large companies to provide
a variety of engineering,
procurement, and
construction services.




Operations: & Viaintenance

Small projects

— May use
manufacturer’s
personnel initially

— May use local staff
members after they are
trained

__ » Larger projects will often
8 rely on manufacturers
e during the warranty period,
and then hire their own
staffs after that
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SmallWind Furbines
Are Different

 Utility-Scale Wind Power

1,000-2,500 kW wind turbines
— Installed on wind farms, 10-300 MW
— Interconnected to transmission

— Professional maintenance crews
— Class 4-6 wind resource

e Small Wind Power
up to 100 kW wind turbines

— Installed at individual homes, farms,
businesses, schools, etc.

Interconneoted to distribution, on the
“customer side” of the meter

— High reliability, low maintenance
— Class 2-3 wind resource

1,500
KW
212t A
10 KW
{r~e 180t
fi
= Na




Wind Energy: IHistery infRurall America

“Wind-chargers” for electric power,
during the 1930’s - 50’s

Water-pumping wind mills,
from about 1860




Small Tiurkine echnolegy Trends

Advanced blade manufacturing methods
Rare earth permanent magnets
Grid-connected inverters

Induction generators

Design for low wind speeds

Alternatives to furling for rotor speed control
Reduced rotor speeds -> reduced noise
Design standard



Small Wind Trurpine lfowers

Wind Turbine

Tilt-up Tower in the Normal
Operating Position

\
24 meter (80 ff)
Guyed-Lattice
Tower

Tilt-up Tower in the Lowered
Position for Maintenance or

Hurricanes - BWC Tower
Raising Kit

AT

RO

A ‘l"‘l\l‘f\l - Il I‘I\l‘f‘l‘/‘i‘t‘d\l‘l\l , ' ’, fala
IR o < \\\\\\\\\\
R D T e e r et bt t STt d a2

Guyed Tower Tilt-Up Tower Self-Supporting
Tower



Example:
Windl Tfurpine Installed Cost

Updated: 5-Jul-07

Bergey Excel-S (10 kW)

High Cost

Low Cost

$27,900
$9,200
$1,000
$1,500
$8,000
$500
$952

Wind turbine & inverter
Tower (100 ft guyed)
Tower Wiring Kit
Shipping

Installation
Permits/Fees

Sales Tax, 2%

Total $49,052

$27,900
$31,950
$1,140
$2,000
$18,000
$6,000
9%

$94,279

$27,900
$7,400
$860
$1,000
$2,000
$0

none

$39,160




Impoertance ofi - Micro-Siting®

Obstruction of the Wind by a Building
or Tree of Height (H)

///:R

of highly
turbulent
flow




Take NVleasurements

Towers

20m tower
Sensors

—
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Loggers




Great Lakes Science Center

Cleveland - “TThe green city on the blue lake.”




Small'Wind Power: fox
iHeme, Earm, Business, & Schools

Industry



10. Commissioning

© © N O Ol

Steps to Implement a
SmallWinal Preject

Assess your electricity consumption, cost, and utility
tariff

Wind resource & micro-siting

Select turbine size (model) and tower height
Incentives & economics

Zoning (including neighbor notification)
Utility interconnection agreement

Building permit

Order turbine and tower .
Installation )




ReS|dent|aI Small Wind Incentives

www. dsweusa org

Property Tax Incentives

Income Tax Credits
o, b - - N i P q,gV ’
' ,;4:;;?“1‘@ e \ $ @ \ { RPS Puerto Rico $
e e \ RN : ;
L's \ e
BUYDOWNS PRODUCTIVITY INCENTIVES MINOR INCENTIVES *In Minnesota, loans apply only

Buydown & Net
Metering

Buydown,
- Net Metering,
& Loans

Productivity

. Productivity
Incentives & Incentives
Loans
Net Metering, Loans Net Metering &
& Prod. Incentives Prod. Incentives

Loans

Net Metering & Loans’

Net Metering

to farmers.

Federal Incentives: Mainstay Energy — green tag purchase (CA excluded); USDA Federal Farm Bill Title 9006 — grant for rural areas

May 30, 2006



USDA Eamm BillFSection 9006

WWW.rurdev.usda.gev/rs/fammbill

Renewable Energy & Energy Efficiency:

wind solar biomass
geothermal hydrogen energy efficiency

For rural farms, ranches, small businesses (not for residential
systems)

Grants (up to 25% of project cost), and/or
Loan Guarantees (up to 50% of project cost)

In 2005, a total of $21 million in grants were distributed to 150 projects
in 32 states.

Work with rural energy coordinators at your USDA State Rural
Development Office

Simplified application in 2006 for projects < $200,000



INet Vietenng| ol Renewable Energy.

« Excess wind power
turns the electric meter
backward

 Bill is based on the “net”
consumption/generation
(monthly or annually)

* Net metering of wind energy is available to:
— All residential (including rural) customers in 25 states
— Some residential customers (mostly urban) in 15 other states

Apr02



INet Vietering off Renewable Energy.

OO
Energy consumed
immediately: retail rate

Excess energy used to -

offseticonsumption at

another time: retail rate Net excess energy
(determined monthly or annually):

retail rate, avoided cost, or given
to the utility



INet Metering iior Wind

28 states have net metering for all [ii&l GGG S
el
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-
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Econemics of a Windl Project

« “Simple Payback” is an easy way to measure the
economic merit of a wind turbine project:
(Installed cost, $) + (kWh/y X Price of Electricity, $/kWh)
VEEIS))

« “Cost of Energy” is another measure of economic value:

Annual Cost of Ownership + Annual Energy Production
(cents/kWh)



Case Study: On-Grid Fam

Jess Alger's Ranch - Stanioend), Vil

* Fourth generation Montana farmer 1,200 acre ranch/farm

* Wind used to offset electricity consumed by home and farm operations
* Turbine installed September 2003

* 12 mph annual average wind speed (Class 3)

* 10kW turbine on a 100 foot tower




Algers) Estimaied Cost analPreduction

Installed Turbine System - $36,850

— Lower than typical
e Turbine system costs only, no dealer payment
» Site preparation done by J. Algers

USDA RESG (25% grant) - $7,696
Montana NCAT USB Funds - $12,500
Estimated electricity used 14,200 kWh/yr

Estimate electricity produced 18,000 kWh/yr (based on
Class 3 wind site)



SmallfWind Economics

Bergey’ Excellon 100t iewer

Simple Payback
Bergey Excel, 100 ft Tower

Net Metering Only, 12.5 mph

—— =Net Metering Only, 16 mph

—— USDA Grant and Net Metering, 12.5 mph

— =USDA Grant and Net Metering, 16 mph
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Case Study - 3 phase grid-connect

Waibben Wood Products

Small Industry - finished wood products for homebuilders

Installed in June 2004

3 — Micon 65 kW turbines on 110’ towers at a cost of $85k per turbine
$45k/turbine from WI Focus on Energy (max 35% of project cost)

256,560 kWh/yr (enough energy for 26 homes) expected or ~80% of electrical
needs

Payback expected in 12 years



Small'Wind Economics

Miicon 65KV on 1101t TFower

—&o— Class 2
— 88— (Class 2 w/ 25%farm bill
- -~ - Class 2 w/ 50%buydown

—&—Class 3
—B— Class 3 w/ 25%farm bill
- -& - Class 3 w/ 50%buydown




Sl Vine : Small Wind Electric Systems
Consumers Guide

A U.S.guide and about 40 state- and
region specific specific guides are
available from the
National Renewable Energy
Laboratory:
http://www.eere.energy.gov/
windpoweringamerica/
small_wind.html




@ther Sources or Infermation

American Wind Energy Association http://www.awea.org/

— A 63 minute video “An Introduction to Residential Wind
Systems with Mick Sagrillo”

— AWEA Small Wind Toolbox: www.awea.orag/smallwind.html

Danish Wind Industry Association guided tour and information.
http://www.windpower.org/en/tour/

AWS Scientific Inc. “Wind Resource Assessment Handbook”
produced by for the National Renewable Energy Laboratory,

Subcontract number TAT-5-15283-01, 1997
http://www.nrel.gov/publications

Wind Energy Explained, J. F. Manwell, J. G. McGowan, A. L.
Rogers John Wiley & Sons Ltd. 2002.
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