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What | will discuss....
Wind Farm Development Steps
Wind Resources
Local Impacts of Wind Generation
Grid Impacts for Distributed Wind Generation

Economic Feasiblility of Distributed Wind

Generation




Wind Farm
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Steps
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Typical Wind Project Development Process

This is not always a _

straight-forward
process and the steps

are not always in this _
order. (Economic Modeling
Sometimes the steps _
are repeated in an

iterative fashion to

optimize the

economics of the

Permitting
| Sales Agreements)
| Financing |
project. Turbine Procurement
(Construction Contracting]
| Operations & Maintenance
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Land Elevation in lowa
In Feet Above Mean Sea Level
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This map shows the ground elevation and is based on Digital Elevation Model data released by the United States Geological Survey.



Land Cover in lowa

- Emergent Herbaceous Wetlands

- Woody Wetlands

- Cultivated Crops

- Pasture/Hay

|:| Grassland/Herbaceous

[ | shrubsscrub

- Mixed Forest

\ - Evergreen Forest

L - Deciduous Forest

i - BarrenLand (Rock/Sand/Clay)
- Developed, High Intensity
- Developed, Medium Intensity
- Developed, Low Intensity
- Developed, Open Space

|:| Open Vater

Land Cover is converted to surface roughness, which varies from 0.0001 (calm
sea) to 3.0 meters (center of city with tall buildings).
lowa’s surface roughness varies from about 0.03 to 1.0 meters.

This map shows the detailed land cover types and is from United States Geological Survey.



Mean Annual Wind Speed
In Meters per Second at an 80-Meter Height
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Surface Elevation and Land Cover along with lowa’s weather patterns
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determine the mean annual wind speed for any one location in lowa

This is a low-spatial resolution (200-meter) mean annual wind speed map developed by AWS Truewind in 2010 for the lowa Energy Center.



Wind Farms In lowa

&;Wind Utility Consulting, PC April 2011



The Location of 2,500+ Large Wind Turbines In lowa

- T8 - | | - 3
Wind Utility Consulting, PC April 2011



Locations of wind Farms in lowa and the major high voltage transmission lines.
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The colors denote the annual mean wind speed in meters per second at 50 meters height. EACh black area on the
map represents one or more larger wind turbines. Map by Wind Utility Consulting, PC, July 2010
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United States - Annual Average Wind Speed at 80 m

Source: Wind resource estimates developed by AWS Truepower,
LLC for windNavigator®, Web: http://www.windnavigator.com |
http://www.awstruepower.com. Spatial resolution of wind resource
data: 2.5 km. Projection: Albers Equal Area WGS84.
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Wind Speed Bin Data
Hours per Year at Various Wind Speeds
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Directional Wind Rose
Percentage of Time that the Wind Blows from a Certain Direction

North
0
15%
330 30
— >20m/s
300 60
— 15-20m/s
10 - 15m/s
270 | | 90
— 5-10ml/s
240 120
— 0-5m/s
210 150

180
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Local Impacts of
Wlnd Generation

&5 _ ' A _' “Photo by David Ausberger
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Local Impacts of Wind Generation

Keeping an adequate distance from homes, property
lines, roads is the key tool for minimizing local area
Impacts

Noise levels at neighbors

Shadow Flicker levels

Visual Impact of proposed turbines

Wildlife, wetlands, threatened species impact

FAA Height restrictions due to nearby airports

TV, radio, and microwave interference.
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“ | An Example
. | of Siting
Issues
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Projected
Noise Level
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Wind Turbines Add to the Ambient Noise Levels



Shadow Flicker

Shadow flicker is caused
when a wind turbine blade
passes between the sun and
the window of a home or
business. As each blade
rotates, it can cast a shadow
on the window for a brief
Instant. The flickering
shadows from the rotating
blades can last from 90
minutes to less than 1
minute per day, depending
upon the day of the year and
the position of the window
with respect to the wind
turbine. The typical duration
might be 30 minutes.

Shadow flicker does not
occur when the sun is
obscured by clouds or fog,
or when wind turbines are
not operating, or when the
blades are at a 90° angle to

the receptor. _
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Shadow Flicker Guidelines

« The American Wind Energy
Association Siting Handbook states:

— “While shadow flicker can be
perceived outdoors, it tends to

be more noticeable in rooms . |
with windows oriented to the et l\ Wind E
shadows. A wind turbine’s Siting ﬁ';nnrﬂ%rg

shadow flicker impact area does
not generally extend beyond 2
kilometers, and high-impact
durations (>200 hours per year) e
are generally located within
approximately 300 meters of the
turbine.”

| recommend levels no higher than
50 hours per year after considering
the reduction due to cloud cover.

20



Shadow Flicker Levels
in Hours per Year
Based on No Cloud
Cover
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Interference

Analysis of Wind Farm
Impacts on Nearby
Communication
Systems

This map shows the
location of all
microwave transmitters
. and receivers within a

- 25 mile radius of the

. wind farm.

Only one microwave
path goes through the
wind farm. See the next
diagram for a closer
look.

* Wind Turbine 29
A FCCSite

— Microweav e Path



Wildlife Impacts

In a typical lowa wind farm, three birds are killed
per wind turbine per year

About twice that many bats are killed as birds

This avian mortality is a very small fraction of
other natural avian mortality

In lowa, a general rule of thumb is that wind
turbine should be sited one mile or more from
designated wild life areas

23
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Key Grid Interconnection Technical
Issues

* Relative size of the wind
turbine compared to the
capability of the
distribution grid

— Voltage level of
distribution grid

— Distance from
substation

— Size of substation
transformer

* Protecting the distribution
grid and wind turbine
during grid disturbances.

25



Key Technical Operational Issues

If wind turbine supplied
power to owner’s
facilities

— Backfeeding

— Standby or demand
charges

If wind power is sold
wholesale to utility

— Supervisory control
and data acquisition
for monitoring

— Forced shutdowns
for transmission grid
problems.

26



Power Quality

 When a wind turbine starts up, there are current
surges or transients

 These current surges cause the voltage on the
distribution system to dip slightly

* Voltage dips can be annoying if they are severe or
frequent

e Harmonics are not an issue with larger wind turbines.
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Factors Affecting Wind Project
Economics

e The most important and influential
factor is the wind speed.

 The second-most important factor is
the Power Bill Savings or the Power
Purchase Agreement.

« The other important factors affecting
the project economics are:

— Tax credits, grants and incentives
— Wind turbine costs
— Interconnection cost

— Interest rates and ROE.
29



Key Steps in Feasibility Analysis

Financial Feasibility

Grants, subsidies
Financial returns

Analysis is often an
iterative process

Selling price of power
Financial structure
Income tax benefits
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Cost of
O&M

Cost of
Money

Cost to
Interconnect

Cost of

Turbine

Value of Green

Financial
Incentives

Tags

Price

of Electricity
Wind

Speed

!

Higher Values
DISCOURAGE

AN

Wind
Generation

!

Higher Values
FAVOR

Wind
Generation

The Overall Economics of Wind Generation
IS Determined by a Balance of Factors
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Financial Pro Forma Economic Analysis

Operating Revenues

— Revenue or Power Bill Savings
— Sale of Green Tags

— Production Incentives
Operating Expenses

— Operation and Maintenance expense
— Insurance

— Property taxes

— Land Lease (if any)

— Depreciation

Loan payments

Income Tax Calculations
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Buffalo Ridge Minnesota from 10,000 feet...... Wind Turbines as Far as the Eye Can See
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The Proposed lowa Stored Energy Park
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This power plant would use electricity off-peak to compress air
which would be stored underground in an aquifer, much like
natural gas is stored near Redfield, lowa. When electricity Is
needed during the daytime, the air is released and heated with
natural gas to power combustion turbines to generate electricity.
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lowa Is a Great Place

for Wind Power!

Photo by David Ausberger
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