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Figure 8:

Average monthly power capacity for each month of the year (1 —
January, 2 — February, ..., 12 — December]. The thick line represents

the Firstlook estimate of your monthly power resource. See Table D1 in
Appendix D for capacity factor values.
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2.2 HOuRLY POWER DISTRIBUTION
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Figure 9: Distribution of hourly power capacity values throughout the year. Hourly
power capacity values were sorted into bins with a 10% width. Each
vertical bar represents the frequency with which power capacity values
occurred in each bin. For example, a vertical bar centered on 40% on
the horizontal axis and reaching up to 10% on the vertical axis means
that power capacities are between 35% and 45% for 10% of the time.
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2.3 PoOwER DIRECTIONS

Figure 10: Power rose for all hourly power capacity values during the year. The
power rose indicates the relative amount of power that is generated by
wind from a given direction (N — North, E — East, S — South, W —
West). The length of each wedge indicates the relative amount of power
with the distance between two concentric circles representing a
relative amount of 10%. For example, a wedge directed straight up (N]
and extending 3 rings means that the 30% of the power is generated by
winds out of the North. Directional bins are 30° wide.
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Figure 11: Power roses for each month of the year. The plot demonstrates how
the wind direction that produces most of the power changes
throughout the year.
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2.4 DAILY VARIATION OF POWER
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Figure 12: Average hourly power capacity for each hour of the day. The plot is
based on all hourly power capacity values throughout the year. Note
that the time scale on the horizontal axis is in Coordinated Universal
Time (UTC). See table below to convert to various US timezones.

. 24-Hour
Timezone .
Time

UTC 00:00 06:00 12:00 18:00 23:00
US/Eastern 19:00 01:00 07:00 13:00 18:00
US/Central 18:00 00:00 06:00 12:00 17:00
US/Mountain 17:00 23:00 05:00 11:00 16:00
US/Pacific 16:00 22:00 04:00 10:00 15:00

All times for US time zones are reported in Standard
Time. To change to Daylight Savings Time, add +1 hour.
Times displayed in bold type indicate the previous day
from UTC. For example, at 00:00 UTC on Tuesday, the
local time in the Eastern time zone (EST) is 19:00 on

Monday.
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Figure 13: Average hourly power capacity values for each month of the year and
demonstrates how the daily power pattern varies throughout the year.
See the caption if Figure 12 for an explanation of the time axis.



3 NEXT STEPS

After your Firstlook report confirms the wind resource at your site, look to 3TIER's
Fullview for additional in-depth assessment services to move your project forward.
Fullview provides the most comprehensive information available about the wind
resource at a specified location. Unbiased and independent, every analysis incorporates
all existing site data and is customized for you and your project site. Using consistent
methodology, Fullview delivers information in a uniform report framework for every
project you undertake, no matter how technically challenging. You can depend on a
superior assessment every time from 3TIER.

3TIER’s FullView provides the most advanced wind assessment possible, including:

e Financial Due Diligence Reports
e Wind Energy Temporal Variability Analysis
e High-Resolution Mapping

For more information about Fullview Assessment, go online to 3tiergroup.com.

3.2 POWERSIGHT

3TIER also provides forecasting services for operational wind projects. We work with
you to develop a custom and accurate Powersight forecast for your site. 3TIER’s proven
wind forecasting tools use the latest in science and supercomputing to provide
accurate, coherent, and relevant information. As a result, projects can be operated
efficiently and reliably thereby maximizing your return on investment.

Powersight forecasting includes the following services:

* Hour-Ahead Forecasting

e Day-Ahead Forecasting

e Week-Ahead Forecasting

e Month-Ahead Forecasting

* 24/7 Premium-Level Support

For more information about Powersight forecasting, go online to 3tiergroup.com.
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A WIND ENERGY PRIMER

Wind has long been recognized as an excellent source of inexpensive and renewable
power. From milling to pumping, wind has provided reliable power for more than 800
years. Because of increasing energy costs, there is growing interest in harnessing wind
power for electricity generation. Wind turbines now dot the landscape in many rural and
semi-rural areas, ranging in size from small, single-residence systems to large,
utility-scale wind farms.

The first step in deciding whether a wind turbine can meet your energy needs is to
determine whether the wind is strong enough and blows at the right times. This Firstlook
report helps give you these answers.

Al WHAT MAKES A GOOD WIND RESOURCE?

The amount of electricity that can be generated by a wind turbine is affected by the wind
speed, the air density, the diameter of the rotor, and the efficiencies of the turbine and
electrical system. As a wind energy developer, you should select the largest diameter
rotor and most efficient turbine and electrical system that makes economic sense for
your application. Air density changes with elevation, but is relatively constant at a
particular location. Wind speed remains as the single biggest factor in determining the
success of your project and there is little you can do to affect it other than to select the
windiest location to install your turbine. Because the power varies as the cube of the
wind speed, a 25% increase in the wind speed results in a potential doubling of the
power output of your turbine.

Unfortunately, high wind speeds alone are not enough. Timing is also crucial to
determine the suitability of your wind resource. High wind speeds during the winter
provide little economic benefit if your peak demand is for cooling needs during the
summer. Similarly, an off-grid residential system will require more battery storage if
your highest wind speeds occur during the night rather than during the day. The best
wind resource is one that provides high wind speeds at times when the generated
electricity has the highest value. Your Firstlook report analyzes both wind speed and
timing.

%) WIND ENERGY PRIMER 19



B FIRSTLOOK ASSESSMENT PROCESS

Your Firstlook wind resource assessment is based on model simulations and observations.
Model simulations are made using a Numerical Weather Prediction (NWP) model similar
to the one used by the National Weather Service to produce your local weather forecast.
The NWP model simulates atmospheric circulations and accounts for the effects of land
use and terrain. Model simulations are made at a spatial resolution of 5 km and
interpolated to your specific location. Unfortunately, models only provide an approximation
of the real world. Publicly-available observations from meteorological towers and other
wind speed measurements are used to correct the simulations and to provide an estimate
of the error of the Firstlook wind speed and power assessments.

The power produced at a particular wind speed depends on the wind turbine installed at
the site. Different wind turbines have different cut-in and rated wind speeds. The cut-in
wind speed is the lowest wind speed at which a turbine generates power. The rated wind
speed is the speed at which a turbine produces its rated power. For example, if two wind
turbines are both rated for the same power, but one has a much lower rated wind speed
than the other, then the one with the lower rated speed will typically produce more power
when averaged over a long time. The function relating power to wind speed is called the
power curve and is different for each turbine. The power curve used to determine your
Firstlook power estimate is based on a turbine that is representative for the hub height
that you selected. For your hub height of 80.0 m (262 ft), the power curve is based on the
GE 1.5 SLE turbine.

The Firstlook assessment process is designed to provide a realistic assessment of the
wind resource at your site. As the name implies, the report should provide you with
guidance on whether it is worthwhile to further pursue wind power development at your
location. Given the resolution of the NWP model simulations, the wind resource at your
particular site may differ from the estimate provided here. While the NWP model
simulations incorporate the effects of terrain on atmospheric conditions, some local
terrain features may be too small to be represented in the model. For example, a location
on a ridgeline in otherwise flat terrain will likely have a better wind resource than the one
provided in this report. Similarly, the wind resource at a sheltered site will likely be worse.
Such limitations are not unique to your Firstlook assessment, but are an inherent part of
all estimates of wind speed and power. Only carefully maintained, long-term observations
at your future turbine location can provide an unequivocal assessment of the wind
resource at your site. Unfortunately, such observations are time-consuming and
expensive. In their place, Firstlook provides you with an objective assessment of your local
wind resource, quickly and inexpensively.

@ FIRSTLOOK ASSESSMENT PROCESS 20



C WIND TABLES

Mean Wind
Month Speed (m/s)

February 7.9
April 8.9

August 6.8
October 7.8
December 7.9

Table 1: Monthly mean wind speed in m/s.
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C.2 HOuURLY MEAN WIND SPEED TABLE

hour jan feb mar apr may jun jul aug  sep oct nov dec avg

00 7.3 7.3 7.6 8.1 7.4 6.9 6.3 5.8 5.9 6.8 7.1 7.3 7.0
01 7.6 7.6 7.8 8.2 7.6 7.2 6.9 6.5 6.7 7.5 7.6 7.6 7.4
02 7.9 7.9 8.2 8.7 8.4 8.0 7.8 7.4 7.4 7.9 7.9 7.8 7.9
03 8.1 8.1 8.4 9.2 9.1 8.8 8.5 8.0 7.9 8.3 8.1 8.0 8.4
04 8.3 8.4 8.7 9.4 9.6 9.4 9.1 8.4 8.2 8.6 8.2 8.1 8.7
05 8.4 8.4 8.8 9.5 9.9 9.9 9.5 8.6 8.4 8.7 8.4 8.2 8.9
06 8.5 8.4 8.9 9.6 | 10.1 | 10.1 | 9.6 8.7 8.4 8.8 8.4 8.2 9.0
07 8.5 8.4 8.9 9.6 | 10.1 | 10.1 | 9.6 8.7 8.4 8.8 8.5 8.3 9.0
08 8.5 8.3 9.0 9.7 | 10.1 | 10.0 | 9.5 8.6 8.4 8.7 8.5 8.3 9.0
09 8.5 8.2 9.0 9.6 | 10.0 | 9.8 9.3 8.4 8.2 8.6 8.4 8.3 8.9
10 8.5 8.2 9.0 9.5 9.9 9.6 9.0 8.1 8.1 8.6 8.3 8.3 8.8
11 8.5 8.1 8.9 9.4 9.8 9.4 8.8 8.0 7.9 8.5 8.1 8.3 8.6
12 8.4 8.1 8.8 9.3 9.6 9.2 8.6 7.8 7.8 8.3 8.0 8.3 8.5
13 8.5 8.2 8.7 9.4 9.3 8.7 8.4 7.7 7.8 8.6 8.2 8.5 8.5
14 8.5 8.1 8.6 8.7 8.7 8.3 7.8 6.7 7.0 8.3 8.1 8.4 8.1
15 8.2 7.8 8.2 8.6 8.5 7.9 7.4 6.4 6.6 7.7 7.8 8.2 7.8
16 7.8 7.5 8.2 8.7 8.3 7.3 6.6 5.8 6.3 7.5 7.3 7.7 7.4
17 7.5 7.5 8.2 8.5 7.8 6.7 5.7 5.1 5.8 7.3 7.1 7.4 7.1
18 7.5 7.5 8.2 8.4 7.5 6.3 5.2 4.7 5.4 7.1 7.2 7.4 6.9
19 7.6 7.5 8.1 8.2 7.2 6.1 5.1 4.6 5.2 6.9 7.2 7.4 6.8
20 7.6 7.5 8.0 8.2 7.1 6.0 5.1 4.7 5.2 6.8 7.1 7.4 6.7
21 7.5 7.5 7.9 8.2 7.1 6.2 5.2 4.8 8.3 6.7 7.0 7.4 6.7
22 7.3 7.4 7.9 8.4 7.2 6.4 2.9 5.1 5.4 6.6 7.0 7.3 6.8
23 7.1 7.3 7.8 8.4 7.4 6.6 5.8 5.4 5.6 6.7 6.9 7.1 6.8
avg 8.0 7.9 8.4 8.9 8.7 8.1 7.5 6.8 7.0 7.8 7.8 7.9 7.9

Table 2: Hourly mean wind speed in m/s. Times shown in the first column are
reported in UTC (see time zone conversion table in Figure 6.) Hourly
and monthly average wind speeds are shown in the last column and
bottom row, respectively.
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D POWER TABLES

Capacity
Month Factor (%)

February b
April 54

August 32
October 43
December A

Table 3: Monthly mean power capacity factor in percent (%).
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D.2 HOURLY MEAN POWER TABLE

hour jan feb mar apr may jun jul aug  sep oct nov dec avg

00 38 36 40 46 38 31 23 19 21 31 34 38 33
01 42 40 42 46 38 33 27 24 27 38 39 41 36
02 45 43 46 52 48 42 38 33 34 A 43 43 43
03 48 46 49 56 57 52 49 41 41 48 46 46 48
04 50 49 52 59 62 60 57 47 46 52 48 47 52
05 50 49 53 60 64 65 62 50 48 53 49 48 54
06 51 50 54 61 66 67 64 51 48 53 50 48 55
07 52 49 54 62 66 68 64 52 49 54 50 49 56
08 52 49 55 63 67 67 64 52 49 54 50 50 56
09 52 48 55 62 67 65 61 50 46 52 50 50 55
10 52 48 55 60 66 62 57 47 A 51 49 50 54
11 52 48 54 59 65 60 54 45 43 51 47 50 52
12 52 47 53 59 62 58 52 42 41 49 46 49 51
13 52 48 53 59 59 52 48 41 42 51 47 52 50
14 52 47 51 51 52 47 40 30 34 48 47 51 46
15 48 43 46 50 50 43 35 27 30 41 43 49 42
16 42 39 46 51 47 36 28 22 28 39 37 42 38
17 39 38 47 49 42 30 20 16 24 37 35 39 35
18 40 38 47 48 38 26 16 13 20 35 36 39 33
19 40 39 46 46 35 23 14 " 18 33 36 39 32
20 39 39 45 46 34 22 14 " 18 32 34 39 31
21 38 38 A 46 34 23 14 12 17 31 34 38 31
22 37 38 43 47 34 25 16 13 18 30 33 36 31
23 35 36 43 48 36 27 19 16 19 30 32 35 31
avg 46 A 49 54 51 45 39 32 34 43 42 A 44

Table 4: Hourly mean power capacity factor in percent (%]. Times shown in the
first column are reported in UTC (see time zone conversion table in
Figure 6.) Hourly and monthly average power capacity factors are
shown in the last column and bottom row, respectively.
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