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Abstract
Higher winds, particularly at night due to the nocturnal low-level jet in the US Midwest, provide
incentive to build wind turbines with hub heights above 100 m. Estimates of annualized energy
production based on models and statistical methods in such conditions have high uncertainty. We use
measured data at 100 m and above to demonstrate that increases of approximately 10% in capacity factor
can be achieved with a 20 m increase in hub height.
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Introduction
Higher winds, particularly at night due to the nocturnal low-level jet (NLLJ)[1,2] in the US Midwest,
provide incentive to explore energy resources at 100 m or higher. Estimates of annualized energy
production and capacity factor based on mesoscale meteorological models, the NREL WIND Toolkit
[3,4], and statistical extrapolations from lower levels [2, 5] have large errors because of limitations in
capturing characteristics of the NLLJ. We use tall-tower measurements at six locations in the US Midwest
to evaluate wind resource potential above the conventional 80-m hub height of the current fleet of
Midwest turbines. Results demonstrate that a 20-m increase in hub height can increase energy production
by up to10%, which offers a significant incentive for using taller towers.
Methods
We use two years of 10-min data from 50, 100, 150, and 200 m recorded on tall towers at five Iowa
locations - Quimby, Palmer, Mason City, Altoona, and Homestead – along with data from 130 m for a
brief summer period at Rosemount, MN to estimate annualize energy production (AEP). Power output
was obtained from two typical utility-scale turbines, a 2.3 MW turbine with a 108-m rotor diameter and a
3.0 MW with a 113-m rotor diameter.
Results
Diurnal variations of annually averaged wind speed show a strong tendency for higher winds at night
than during daytime, with variations from location to location in Iowa. The MN data available represent
only a summer period and not an annual average.

Fig. 1. Diurnal variations of average of wind speed at various heights for six Midwestern locations.

International Conference on Future Technologies for Wind Energy

October 24-26, 2017, Boulder, Colorado, USA

We use power curves for the 2.3 and 3.2 MW turbines to calculate AEP and capacity factors at 80, 100,
120, and 140 m (Fig. 2). These results demonstrate that tall towers in this region can enhance the capacity
factor of wind turbines by 9, 12, and 17%, respectively for 100, 120, and 140-m towers over capacity at
80 m for a 2.3 MW turbine and 10, 15, and 20%, respectively for a 3.2 MW turbine.

Fig. 2. Capacity factor (left) and percentage increase in capacity factor over those for 80-m hub height
(right) for Siemens 2.3 MW (top) and 3.2 MW turbines (bottom)
Results for the MN tower data (not shown) for a limited July period show a 33% increase in capacity
factor per 20-m increase in height above 80 m, although not representative of other months or an annual
average. Analysis of a one-year dataset is in progress. NREL WIND Toolkit data for the Homestead, IA
tower location for 2007 (all months) revealed good agreement for diurnal and seasonal cycles of wind
speed. Toolkit nighttime winds agree well with measurements while daytime data showed a low bias.
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