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ABSTRACT

Recently, there has been a push by countries to diversify their energy mix considering various factors.
In this regard, there have been several studies conducted to assess the potential for using sources such
as wind and solar to generate supplemental energy to the already present energy generation setup. In
this regard, this study explores the potential of wind for the Commonwealth of Kentucky. To perform
this study, wind data was sourced for eight locations across Kentucky from the publicly accessible
wind speed information present at Weatherunderground for the years 2020-2021. An analysis was
performed concerning the seasonal, monthly and hourly variation in the wind speed so as to identify
the expected times of sufficient wind energy generation. Moreover, a comparison of the collected
data was performed with data from a home-based weather station and a deployed wind turbine as
well to validate the variation pattern of the publicly sourced data. Finally, in order to investigate
the variation patterns of wind and solar energy sources, a comparative analysis was also performed
using data from a solar power generation plant in Kentucky. It was observed that a seasonal and
monthly complemetarity was observed between the wind and solar. However, when considering daily
patterns, the wind was found to follow solar generation with an offset. While further research is
required, this analysis indicates that it is possible to deploy wind energy power generation projects in
the Commonwealth of Kentucky. The seasonal complementary behavior of wind and solar can be
used along with battery storage in conjunction with natural gas to provide a diversified electricity
generation portfolio.

Keywords Solar Energy · Wind Energy · Wind Power Generation · Solar and Wind · Solar Wind Complementarity

1 Introduction

The power requirements of countries around the world are increasing with the growth in human population. The
population of the world is expected to increase to 8.5 Billion people by 2030, and will result in an increase in world
energy demand by 21% as predicted by the International Energy Agency [1]. Moreover, the electricity consumption for
North America is projected to increase from 4,222 TWh in 2020 to 5,687 TWh in 2050 [2]. Such increases in electric
power requirements have been observed in developing countries as well. Therefore, countries around the world have
become interested in diversifying their energy mix to cater to growing energy needs. Taking this in to consideration, the
aim of the current study are as follows.
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Assessing wind energy’s potential for Kentucky

• Analyze wind data and explore variation patterns to provide insight in to the suitability of wind power
generation in Kentucky.

• Analyze the variation pattern of solar energy and compare with wind to assess complemetarity.

Solar and wind generation systems for electricity can work as part of the grid or in a standalone arrangement and can
be used in both rural as well as urban settings [3]. It therefore has been the focus of multiple studies around around
the world [4, 5, 6, 7, 8, 9, 10, 10, 11]. These studies have ascertained the potential of wind energy in different regions
of the world. Neupane et. al in [7] studied solar and wind energy potential in Nepal, Al-Ghamdi et. al [6] studied
wind energy potential and data for various locations in the Kingdom of Saudi Arabia, Adem Cakmakcu and Huner [5]
assessed the potential of wind power generation at a location in Turkey and [8, 12] studied the variability of onshore
wind in California and in Texas [9]. The authors aimed to provide an assessment of the useability of wind as an energy
generation source.

Understanding that there is a spectrum of needs in terms of diversifying energy generation sources, this study highlights
the case of wind. We start by providing an introduction to the current state of renewable energy generation, focusing
on the wind in Section 2. Section 3 presents the data collection scheme used for gathering wind data from different
locations in Kentucky. An anlysis of wind speeds at the different locations is presented in Section 4. Section 5 discusses
the scenario of complementary use of wind and solar energy to achieve a reliable over-the-year energy mix. Finally, the
study is concluded in Section 6.

2 Energy from Wind

According to the International Energy Agency, global power generation through renewables was 30.2% in 2023 [13]. In
the US, renewable energy generation is expected to more than double from 21% in 2021 to 44% in 2050 making it
the fastest growing energy source [14]. This is not surprising given that renewable energy represents the majority of
new power added to the generation capacity around the world [15] and is expected to grow by 17% in 2024 [16] . The
integration of renewable energy in to the North American power system can produce significant economic benefits as
well.

Wind energy has been touted as an important renewable energy source and is expected to be the fastest growing
renewable energy source from 2020 through 2024, being the reason for two third of the growth in the renewable energy
sector during this time [17]. As per data of the US Energy Information Agency (EIA) [18], while the US is responsible
for generating 21% of the worlds wind energy generation, the utilization of wind energy for power generation by
Kentucky is well below other states with similar wind characteristics. The wind speed in Kentucky seems similar to
most of the east coast and west coast, where as it is higher in the central region of the US. Even with this, utilization
potential of wind for power generation in each area is high and most of the benefit is being taken from this resource.
Moreover, according to the Office of Energy and Renewable energy, Kentucky currently only produces 0.23% of its
total electricity generation from solar and none from wind [19] with the majority being generated by coal followed by
natural gas and hydropower as illustrated in Figure 1[19].

Figure 1: Power Composition for Kentucky.

In fact, according to the US wind turbine database [20], there are no wind turbines located in Kentucky which indicates
to the underutilization of wind as a power generation source in the state. Therefore, there is a need to explore the
potential of using wind as a complementary or supplementary energy source. With government incentives [21] recently
being passed, wind-based energy generation can be a potentially viable power generation source.
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Assessing wind energy’s potential for Kentucky

3 Data Collection

With the aim to analyze the potential for wind power generation throughout Kentucky, data collection was performed in
a variety of locations while dividing Kentucky in to different geological areas. Considering data availability constraints,
eight locations were chosen, which are the metro areas of Louisville and Lexington, Elizabethtown, Northern Kentucky
(NKY), Eastern Kentucky (EKY), Western Kentucky (WKY), Mid-Western Kentucky (MWKY) and Southern Kentucky
(SKY). Weather data was scraped from the publicly available weather station website Weatherunderground [22].
Weatherunground is a commercial service providing weather information in real-time. The data is sourced from
hobbyists as well as commercial weather stations. The station locations from which data was sourced are shown in
Figure 2.

Figure 2: Locations for Wind Stations.

In order to improve the fidelity of data, multiple stations were considered for the large populated areas of Louisville
(four), Lexington (three) and Elizabethtown (two) while for the other locations data from only one station was collected.
The data for the stations was updated regularly every five minutes. Also, in order to ensure that a uniform comparison is
made, data was collected for the years 2020 and 2021 from beginning of January to the end of December. Moreover, it
should be noted that all wind speeds were measured in m/s.

4 Wind Speeds in Kentucky

In this section, the data collected from Weatherunderground has been analyzed and a discussion is presented on the
analysis.

4.1 Wind Speeds by Season

An important aspect to explore when considering the use of wind as a potential source of energy is the variation with
respect to season. This is important as energy requirements vary with season. To provide an insight in to the trend of
the seasonal variation of wind, Figure 3 shows the box plots for the wind speed by season for the eight stations. It can
be observed from the figure that the highest speeds are observed in winter, followed by spring and fall with the lowest
wind speeds observed in summer for all locations considered.

It can also be observed that from the data collected, the locations at Elizabethtown, Lexington and Louisville and
Western Kentucky (WKY) demonstrated the highest wind speeds among the stations whereas the location considered in
Eastern Kentuckly (EKY) was the least windiest.

4.2 Wind Speeds by Month

In order to compare the wind speed for all stations on a monthly basis, the plots for the mean wind speed for each
month for all stations are shown in Figure 4. It can be observed that Elizabethtown is the windiest station as observed
by month as well. The least windy is Eastern Kentucky. Moreover, it can be observed from the figure that the wind
speed is sufficiently high for the months of January – April and November, December. However, for the other months, a
below-par speed is observed.
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Figure 3: Kentucky Wind Speeds by Season.
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Figure 4: Kentucky Wind Speeds by Month.

4.3 Wind Speeds by Day

In order to understand the daily variation of wind speed, for each location, the average wind speed was computed on
a daily basis. From this, Table 1 lists the dates on which the wind was the highest on average for the combined two
years considered. It was found that five of the eight locations from which data was analyzed had the windiest day in
the spring (end of March, April and beginning of May) whereas three had their windiest day in the winter (end of
December, January and beginning of February).
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Table 1: Windiest Day (on average) for all locations.

Station/Location Date-Month Average Wind Speed (m/s)
EKY 1-April 0.91
Elizabethtown 28-March 3.1
Lexington 9-May 1.63
Louisville 25-December 1.86
MWKY 31-March 1.65
NKY 5-February 1.76
SKY 31-January 2.49
WKY 10-May 2.81

4.4 Wind Speeds by Hour

In order to gauge the trend in the wind speed variation, Figure 5 illustrates the hourly wind speeds for the locations
considered. It can be observed that the highest wind speeds are observed between the hours of 10:00 and 18:00. Such a
trend was observed for all the eight station locations considered in this work.
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Figure 5: Kentucky Wind Speeds by Hour.

Inorder to better understand the wind speed, Table 2 lists the windiest hour on average for all considered locations. It
was found that the windiest hour for all stations was found to be in the afternoon. Out of them, four stations had 14:00
hours as the windiest hour, three had the most wind on average at 13:00 hours with one station/location having the most
wind on average at noon.

Table 2: Windiest Hour (on average) for all locations.

Station/Location Hour of the Day (00-24) Average Wind Speed (m/s)
EKY 14:00 0.54
Elizabethtown 13:00 2.01
Lexington 14:00 1.03
Louisville 14:00 1.23
MWKY 12:00 0.93
NKY 14:00 0.76
SKY 13:00 1.15
WKY 13:00 0.54
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4.5 Wind Data Comparison

In this section, the publicly collected wind data from Weatherunderground has been compared with two different data
sources. The first is a home-based weather station in a suburb in Louisville, Kentucky and the other is a Wind Turbine in
Louisville, which also provided wind measurements. This comparison is presented to highlight the patterns of observed
wind speed variation.

4.5.1 Home-based Weather Station Data

In order to compare the wind pattern from the data analyzed, data from a home-based weather station was acquired for
the time period between 1st July 2021 to 15 March 2023. This was then resampled for by month and hour. The plot for
monthly wind speeds has been illustrated in Figure 6. Moreover, the plot for hourly wind speeds has been illustrated in
Figure 7.
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Figure 6: Wind Speeds by Month - Comparison with Home-based Weather Station
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Figure 7: Wind Speeds by Month - Comparison with Home-based Weather Station

From Figure 6 and Figure 7 it can be observed that the pattern for wind speed variations are very similar for the collected
data and the data acquired from the home-based weather station. Moreover, the fact that the data from the home-based
weather station contains data outside the collected data’s time frame (1 January 2020 to 31 December 2021) attests to
the dependability of the wind as an energy-producing resource.
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4.5.2 Wind Turbine Data

In order to further compare the wind pattern from the data analyzed, data from a wind turbine in Louisville was acquired.
The data contains wind speed measurements for twelve days between 14 February 2024 to 26 February 2024. In order to
understand the pattern better, only the collected data from Weatherunderground between the period of 14 February and
26 February but between the years 2020 and 2021 has been utilized. The plot for hourly wind speeds has been illustrated
in Figure 8. It should be noted that the wind speeds have been normalized to 0 and 1 to attain a fair comparison.
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Figure 8: Wind Speeds by Month - Comparison Wind Turbine Measurements

It can be observed from Figure 8 that there is a slight offset in terms of the pick-up of wind during the day in the wind
turbine data as compared to the data collected from both from Weatherunderground as well as the data acquired from
the home-based weather station.

5 Solar Energy

One disadvantage that energy sources like wind have is fluctuation in their availability. However, power generation by
wind can be complemented with solar power generation to provide a more dependable source of energy. In order to
provide an assessment of this possibility, solar power generation data from the LGE E.W. Brown Solar Facility [23] is
used. The data was acquired for the period of 1 January 2020 to 31 December 2021.

5.1 Solar by Season

The seasonal total energy generation by the facility is shown in Figure 9. It can be observed that the most energy is
generated around summer time with the energy around the winter decreasing drastically. This is opposite behavior
when compared to the prevalence of wind (Figure 3) in terms of speed, the peak season of wind speed is observed
during winter. Moreover, it can also be observed from the figure that the amount of energy generated for spring and
summer is very similar.

5.2 Solar-Wind by Month

In order to further explore the relation between using Solar and Wind as energy generation sources, wind speed data
collected from Weatherunderground across all stations together has been averaged with respect to month and normalized.
A similar aggregation for solar power is also performed, the aim being to observe the pattern of variation of the two
sources together. The plots are shown in Figure 10. It can be observed that the peak of wind occurs in the month of
March whereas the peak of solar occurs in the month of July and both sources are complementary at this time. There is
an overlap in the spring and the fall months when the transition between the seasons takes place.

5.3 Solar-Wind by Hour

For a more granular analysis, the wind and solar data was resampled for every hour and then normalized. This is carried
out to investigate the comparative patterns during the day. The plots are illustrated in Figure 11. It can be observed
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Figure 9: LGE Solar Power Plant Energy Production between 2020-2021.

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Month

0.0

0.2

0.4

0.6

0.8

1.0
Solar and Wind by Month, 2020-2021

Wind
Solar

Figure 10: Solar and Wind Variation by Month between 2020-2021.

that the wind and solar are offset by a few hours. A high of solar energy is followed by high wind speed. This is due
to convection, where warmth from the sun creates an upward movement of warm air. Dense or cooler air from the
surroundings then moves into this low-pressure area to fill in the void and therefore gives rise to an increase in wind
speed.

6 Conclusion

The current work provides an exploratory study into the wind patterns for the Commonwealth of Kentucky. To perform
the analysis, data was sourced from the publicly accessible Weatherunderground portal for eight different locations
across Kentucky, covering the three urban areas of Louisville, Lexington, and Elizabethtown as well as the regions of
Eastern Kentucky, Southern Kentucky, Western Kentucky and MidWestern Kentucky. An Analysis was then performed
with different granularities, including seasonal, monthly, and hourly to investigate the pattern of variation at the different
locations considered. It was found that the wind speeds were the highest in the winter, followed by spring while they
were the least in summer. When looking at the month, all locations had wind speeds being the highest either in the
winter or spring months. Considering wind speeds on an hourly basis, it was observed that the wind speed picked up
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Figure 11: Solar and Wind Variation by Month between 2020-2021.

around morning time and decreased in the evening. Moreover, the pattern of the collected data was compared with data
acquired from a home-based weather station as well as a deployed wind turbine. It was observed that the pattern of
wind variation was very similar from all data sources.

Furthermore, in order to assess the complementarity of wind with solar, data was acquired from a solar power plant in
Kentucky. The energy generated by the solar power plant was taken as an indicator of the solar power availability. A
seasonal and month-wise comparison revealed that wind and solar are complementary of each other in terms of each
having peaks and troughs at opposite times of the year. Finally, the daily variations of wind and solar energy were also
analyzed to ascertain the daily variations between them. It was observed that the wind was produced at an offset of the
solar pattern.

Based on the study here from a variety of locations across Kentucky, our analysis of wind data across Kentucky indicates
that wind is a potential source of low-carbon electricity generation to seasonally complement solar and integrate with
natural gas combined cycle for a more diversified and resilient electricity portfolio.
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