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Assessments Reduce
Prediction Uncertainty

On-site data combined with advanced atmospheric models
improve energy production predictions.

BY MARK TAYLOR, MATT FILIPPELLI & FRANK KREIKEBAUM

nd resource assessment
Wmethods continue to im-
prove, primarily through

the use of more sophisticated models
and improved data sources, such as
satellite-based sensors. However,
on-site meteorological (met) measure-
ment campaigns still serve as the cor-
nerstone of wind resource assessment.

AWS Truewind has found that
on-site data combined with ad-
vanced atmospheric models provides
reductions in energy production un-
certainty. Improved measurement
practices and technologies have also
reduced uncertainties. Examples in-
clude identification and reduction of
error sources, use of sodar to measure
conditions across the heights relevant
to a turbine’s rotor plane and the use
of hub-height measurement towers.

This article provides an overview
of the on-site resource assessment
process and describes recent research
demonstrating the sensitivity of en-
ergy uncertainty to the following
four factors:

* long-term climate adjustment
method;

* duration of on-site data col-
lection;

+ wind shear model; and

* tower effects, using standard
tower offsets.

Typically, at least one tall tower is

installed to assess the wind resource
of a prospective wind plant location.
The tower is equipped with two or
more instrumentation levels and
with redundant sensors, and data is
collected for at least one year. Addi-
tional towers may be in order to min-
imize energy prediction uncertainty,
which is a function of terrain com-
plexity and the geographical size of
the project.

Tower siting at representative lo-
cations, together with proper meas-
urement system design, help reduce
overall project performance uncer-
tainties. Data should be collected and
examined at least weekly to identify
and correct failures with the commu-
nication, instrumentation, sensor or
power systems. When problems are
identified, they should be corrected
quickly to minimize data loss.

Typical sources of error in energy
production estimates include the sen-
sors, shear model (used to extrapo-
late from sensor heights to
hub-height), long-term climate ad-
justment (which adjusts the speeds
recorded during the measurement
period to the long-term climate), the
spatial distribution model (used to
model wind speeds throughout the
project area) and plant losses (from
turbine availability, icing, blade soil-
ing, collector system resistance, etc.).

Assuming each source of uncer-
tainty is statistically independent from
the others — the total uncertainty —
total is defined as follows:
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where, G is the uncertainty of each

€rror source.

Long-term climate adjustment method
Due to the natural year-to-year

variation in wind speeds (67% of the

cases with a variation of +/-6% or
less), a long-term climate adjustment
is made to better relate observed
speed to the average speed during the
plant operation. Three types of long-
term climate adjustment methods

were tested using the same high qual-

ity datasets used above: bulk regres-
sion, directional regression and
directional ratios.

The first technique — called bulk
regression — involved computing one
regression equation between the con-
current daily mean wind speeds at

both the monitoring site and each

reference station for each data sub-
period. Wind speed projections were
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Table 1. Data Sensitivity Related to Study Length

Monitoring Period (months) Standard Error
1 64-11.8
3 4.9-10.3
o) 3.5-7.8
12 1.2-2.8
24 0.6-1.5

then calculated by substituting the
appropriate reference station long-
term mean wind speed into each
equation. Meanwhile, directional re-
gression and directional ratios com-
pared hourly wind speeds at
long-term reference stations with the
on-site tower(s).

Since most sites are distant (more
than 10 km) from reference stations,
and weather events effecting one
may not have reached the other, bulk
regression proved to be the most ap-
propriate method. Directional re-
gressions and directional ratios are
more valuable for intra-site correla-
tions, between met towers or be-
tween a met tower and a sodar unit.

Duration of data collection

Prior industry research indicates
that the length of data collection af-
fects uncertainty. Without correla-
tion to a regional reference station,
the standard error for six months of
data is 8.5% while dropping to 6%
with a full year of data. However, as
discussed above, correlating to one
or more reference stations further re-
duces this uncertainty.

AWS Truewind conducted addi-
tional research, showing the error as-
sociated with different measurement
periods when using reference data.
Several tall tower (40 or 50 m)
datasets obtained from the Northeast
and Midwest U.S. were evaluated to
test the sensitivity of the measured
wind speed to the duration of the
data collection period.

The full four-year periods were
assumed to represent the long-term
speed of each site (a valid assump-
tion, since the standard error of the

four-year periods in relation to pro-
jected speeds was 1%). To test the un-
certainty for period of record,
average speeds for one, three, six, 12
and 24 months were compared. The
results are given in Table 1.

As shown, collecting at least 12
months of data significantly re-
duces wind resource uncertainty
and, therefore, energy production
uncertainty.

A wind shear model is used to es-
timate hub-height wind speeds from
measurements taken below hub-
height. Shear is calculated from the
speed ratio of anemometers at differ-
ent monitoring heights and then
used to extrapolate the hub-height
speed. Most met towers are 50 m tall,

15 m to 35 m below modern hub-
heights. Our research shows that hub
height measurement standard error is
approximately 2.3% when extrapo-
lated from 50 m up to 80 m using a
50 m / 30 m wind shear and
anemometers with a 1% measure-
ment uncertainty. If the lower
anemometer was positioned at 40 m,
the standard error would increase to
greater than 4%. This substantial rise
is due to the smaller vertical layer
that would be sampled under this
monitoring scenario.

Considering vertical anemometer
spacing effects on wind shear uncer-
tainty and the systematic errors
caused by, among others, flow accel-
eration around the tower, the sug-
gested practice is to mount the upper
level anemometer on a side-oriented
boom 1 m to 2 m below the tower
top, and place the lower anemometer
at a level that minimizes surface in-
fluences while maximizing the verti-
cal layer being sampled.

Furthermore, both sensors
should be oriented in the same di-
rection. These guidelines attempt to
equilibrate the simultaneous tower-
induced flow acceleration experi-
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Figure 1. Two-dimensional computational fluid dynamics results show
tower effects experienced in a given distance from a tubular tower.

Courtesy of AWS Truewind

You may subscribe to North American Windpower online at www.nawindpower.com

Copyright © 2007 Zackin Publications Inc. All Rights Reserved.



http://www.nawindpower.com

enced by both anemometers, there-
by canceling the tower effects on
the measured shear. Collecting data
at three levels is another advanta-
geous practice that provides more
information about the wind shear
profile because it determines
whether or not there is variability
with respect to height. Mounting
redundant anemometers at each
level enables further validation of
observed wind speeds and therefore
easier identification of sensor dam-
age or icing.

CFD modeling of tower effects

AWS Truewind performed two-
dimensional (2D) and three-dimen-
sional (3D) computational fluid
dynamics (CFD) modeling of the ef-
fects of standard 6-inch tubular tow-
ers on wind speed measurements. 2D
modeling showed the speed devia-
tion recorded by anemometers locat-
ed well below the tower top (Figure
1). Even for anemometers offset by
the industry standard of 7.5 tower
diameters, speed measurements were
deviant from free stream speed (Fig-
ure 2).

Outside the tower wake (in the
vicinity of 180 degrees), the tower
still impacts measurements by as
much as 2%.

3D modeling was used to assess
the effect of tower-top effects on
anemometers mounted above and
just below the tower-top. Not sur-
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Figure 2. Tower effects on an anemometer mounted at 7.5 tower-
diameters from the tower, with a bearing of 0 degrees are shown.

Courtesy of AWS Truewind

prisingly, tower-top effects were a
function of anemometer height
above or below the tower. However,
even four tower-diameters above the
tower, the anemometers experience a
0.5% speed deviation. Deviations due
to the tower-top were also experi-
enced below the top.

Based on this work and field expe-
rience, it is recommended that side-
mounted sensors be positioned at
least 6 tower diameters below the
tower-top and 7.5 tower-diameters
radially away from the tower center-
line. Tower-top sensors should be
mounted at least six tower diameters
above the tower. svp
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