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(REC370TP2SM 72 XV) and CPS string inverters. The site has a maximum power of 2,100 kW alternating
current.

• Dual-Axis Monocrystalline Tracking Solar Arrays: PPL R&D installed two 4.92 kW direct current high-
efficiency, dual-axis tracking solar arrays at the RIRF in March 2023. Each array is made up of 12 high-
efficiency monocrystalline Panasonic 410 W solar panels (EverVolt EVPV410H) with an AccuTrak dual-axis
tracker that allows the array to follow the sun throughout the day. The solar array is connected to two SMA
Sunny Boy 5.0-US inverters, and the system was installed by Lexington-based Solar Energy Solutions. These
arrays are shown in Figure 1.

Wind Generation Facilities:
• Wind Turbine with 37 m Hub Height: Kentucky’s first wind turbine is located at the PPL R&D RIRF. The

turbine is an NPS100C-27 manufactured by Northern Power Systems. It has a nameplate generating capacity
of 90 kW and was brought online in February 2024. The turbine has a 37 m hub height, a 27 m rotor diameter,
and stands at 50.2 m tall from the base to the tip of the blades. The turbine has a cut-in wind speed of 2.5
m/s, reaches rated power at a wind speed of 11 m/s, and has a cut-out wind speed of 20 m/s. The nacelle
of the turbine has the ability to yaw 360 degrees to optimize the turbine’s direction in the wind, though the
blades are positioned at a fixed angle and do not have variable blade pitch. The system was installed by
Northern Power Systems and Lexington, Kentucky-based Solar Energy Solutions. The turbine is shown in
Figure 1.

• Estimated Wind Turbine with 169 m Hub Height: The 37 m hub-height NPS100C-27 is a fairly small turbine
compared to utility-scale turbines typically being installed nationally. To better understand the performance of
a larger utility-scale turbine, the wind speed data from the 37 m hub height NPS100C-27 are projected to 169
m height using the wind power law with an empirically identified terrain coefficient. This 169 m windspeed
is then mapped through the power curve of a Vestas V162-5.6MW turbine, a turbine more representative of
the scale of current utility-scale turbine technologies. This mapping allows estimation of the performance
characteristics of the larger turbine using wind speed data from the current turbine.

Grid-Scale Batteries:
• Nickel Manganese Cobalt Lithium-Ion Battery: Kentucky’s largest lithium-ion battery is located at PPL’s

RIRF, was installed in 2016, and has been in nearly-continuous 24/7 operation since 2018. The battery
energy storage system (BESS) is a 1 MW/2 MWh lithium-ion battery utilizing LG Chem JH3 batteries with
a nickel manganese cobalt (NMC) cathode. The BESS is housed in two containers with 10 racks per container,
17 modules per rack, and 14 cells per module for a total of 4,760 battery cells in the system. The battery
circuit has a 1 MW/2 MWh lithium-ion battery, a 1 MVA Dynapower Model CPS 1000 power inverter, a 13.2
kV/480 V step-up transformer, and a 1 MVA programmable Simplex stationary load bank. Each container is
6 meters long, 3 meters wide, and 2.9 meters tall. The two battery containers are shown in Figure 1. When
direct current is converted to alternating current by the inverter, heat is produced which must be removed.
Both air-cooled and liquid-cooled inverters are used in this BESS.

Fig. 1: PPL Corporation R&D’s Renewable Integration Research Facility (RIRF) is gathering high-resolution data for several types of solar
arrays, wind, and lithium-ion energy storage as well as the directly adjacent 10.24 MW solar farm and a 32.4 MW storage hydroelectric
facility, Dix Dam, all located near the E.W. Brown Generating Station in Mercer County, Kentucky.

It should be noted that PPL’s RIRF also has more-recently installed single-axis tracking solar arrays, as shown in Figure 1.
The performance analysis of these is not included in this paper since these arrays were commissioned in November of 2024,
which is too late in the analysis period to provide sufficient data. However, they will be included in future analyses. This
single-axis tracking solar array is a 30 kW AC installation and consists of 72 540-watt direct current bifacial monocrystalline
panels from the New East Solar Energy brand. Bifacial solar panels are designed to capture sunlight on both sides, with
the top receiving direct and diffuse irradiance from the sky, while the back side captures albedo, or reflected, light from
the ground and surroundings, which is particularly beneficial in the snow, when the tops of the panels are covered and
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irradiance reflects off the white snow. Each of the three arrays has 24 panels, a 10,000-watt string-level inverter manufactured
by SolarEdge, and a SolarGik tracking system. The single-axis tracking panels follow the sun as it moves through the sky
by rotating on a singular axis.

Real-time and historical energy generation data from several of these sites are available online.
• Generation data from the fixed polycrystalline solar generation at the E.W. Brown Solar Facility are viewable at

https://lge-ku.com/live-solar-generation. This includes data files of historical generation from the facility for past years
back to 2016.

• Generation data from the fixed monocrystalline solar generation at the Solar Share Facility are available at
https://lge-ku.com/solar-share/dashboard.

• Generation data from the Ohio Falls run-of-river hydroelectric generating station are available at
https://lge-ku.com/ohio-falls-generating-station/live.

III. HYDROELECTRIC GENERATION ANALYSES

A. Overview of PPL Corporation’s Kentucky Hydroelectric Facilities
Most hydroelectric generation plants are classified into one of three different categories [19]. The first category is storage

hydroelectric. Storage hydroelectric uses a dam to create a lake or reservoir that stores water. The elevation difference
between the water level in the upper reservoir and the lower water level at the outlet is called the head, and the head
determines the amount of power that can be generated. The second category is run-of-river hydroelectric generation. Run-
of-river hydroelectric plants divert the natural flow of water in a river to run the turbines to generate electricity. Run-of-river
hydroelectric plants generally are built at a lock or natural falls of a river where there is a drop in elevation in the water. The
third category of hydroelectric is pumped storage hydroelectricity. In this category, there is a reservoir at a higher elevation
and a reservoir or other body of water at the lower elevation. Pumped storage is an energy storage mechanism, using the
potential energy of water at a higher elevation. When electricity generation is needed, water flows through turbines from the
higher reservoir to the lower reservoir to generate electricity. When electricity from other sources is abundant, electricity
from the grid is used to power the turbines to act as pumps, pumping water from the lower reservoir to replenish the upper
reservoir.

PPL has two hydroelectric facilities in Kentucky, the Dix Dam Generating Station and the Ohio Falls Generating Station.
Dix Dam is a storage hydroelectric plant on the Dix River with Herrington Lake as its reservoir, whereas Ohio Falls is a
run-of-river hydroelectric plant on the Ohio River.

Dix Dam Generating Station is located at PPL’s E.W. Brown Generating Station on the border of Mercer and Garrard
Counties. The dam was built in the 1920s for generating power and for flood control [20, 17]. The plant was later upgraded
in 2013. The reservoir behind Dix Dam is Herrington Lake, the deepest lake in Kentucky with a mean depth of 24 m (78
ft). The lake is 56 km (35 miles) long and covers 945 ha (2,335 acres). The dam is 87 m (287 ft) above the riverbed.

Fig. 2: The KU Dix Dam Generating Station is a 32.4 MW storage hydroelectric plant beneath Herrington Lake in Mercer County,
Kentucky.

Dix Dam has three turbines which together produce a maximum of 32.4 MW [17]. The maximum water flow per generator
is 17 cubic meters per second (600 cubic feet per second). The head height of Dix Dam is typically 63.7-64.7 m (209-211
ft) in the summer and 59.7-60.7 m (196-199 ft) in the winter.

The Ohio Falls Generating Station was also originally built in the 1920s. It is located at the McAlpine Locks and Dam
on the Ohio River in Louisville, Kentucky. The McAlpine Dam was built at the natural falls of the Ohio River to provide
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Fig. 3: The LG&E Ohio Falls Generating Station is a 109.2 MW run-of-river plant on the Ohio River in Louisville, Kentucky. The
generating station is the building on the right.

Fig. 4: Interior view of the LG&E Ohio Falls Generating Station showing eight turbines.

consistent water levels for river shipping and the operation of the shipping locks. The plant has a head of roughly 11 m
(36 ft) [21]. The Ohio Falls Generating Station has eight turbines, with a maximum total output for the station of 109.2
MW [18].

Since there is no large storage of water at the McAlpine Dam, the generating plant is classified as a run-of-river
hydroelectric plant. The McAlpine Locks and Dam are operated by the United States Army Corps of Engineers, and the
Corps determines the portion of water that can be used by the Ohio Falls Generating Station for electricity generation based
on the available flow of the Ohio River.
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B. Variation in Performance of Dix Dam Hydroelectric Storage Generating Station
Figure 5 shows the monthly capacity factor of the Dix Dam hydroelectric plant over the analysis period. In the case of

Dix Dam, the capacity factor is with respect to the full capacity of 32.4 MW.

Fig. 5: The storage hydro Dix Dam Generating Station capacity factor varies by month during the analysis period.

The monthly capacity factors of Figure 5 reflect the months of the year with plenty of rainfall in the Dix river watershed
vs. the months with very little rainfall in the watershed. The plant’s operation is governed in part by target lake elevations.
The target summer pool level is 224.9-225.6 m (738-740 ft) elevation and the target winter pool level is 221.0-221.9 m
(725-728 ft) elevation. When the lake level is higher than the target range, the hydroelectric plant is run, thus lowering the
water level. When the lake falls below the target range, the plant is shut off. These target levels were set following the
flood of 1978 when the Kentucky River reached 10 ft over flood stage due to heavy rainfall.

Figure 6 provides insight into the way the storage hydroelectric plant was operated during the analysis period. Along the
horizontal axis is each day in the analysis period and along the vertical axis is the time of day. Each vertical raster of the
image is a day in the analysis period. The color along that vertical raster through the day indicates the capacity factor of
the hydroelectric plant at that time of the day. The dark blue and purple colors indicate days and times when the capacity
factor was very low, with little or no electricity generation. The orange to red colors indicate times when the capacity factor
was very high. As shown in Figure 6, the facility largely operates in a binary mode, either operating close to no generation
or close to full capacity, with very few hours during the year with anything in between. Analysis of deciles of capacity
factor shows that 79% of all hourly samples have a capacity factor under 10%, while most of the remaining 21% of all
hourly samples have a capacity factor above 70%.

It should also be noted that the facility is operating with very little variation throughout the day. Although the operation
of the plant is limited by maintaining the lake within target pool range, when there is sufficient water the facility is basically
operating as baseload generation, where the generation does not change significantly in response to demand.

For the Dix Dam plant, it should be evident from both Figures 5 and 6 that there was practically no generation during the
months of July, August, and September of 2024, and very little generation also from October 2024 through January 2025.
This is important to note because it highlights one of the challenges with hydroelectric generation—although hydroelectric
is considered dispatchable (i.e. controllable) compared to the intermittency of solar and wind generation, hydroelectric
generation still requires sufficient water to operate.

Figure 7 shows the 2024 cumulative precipitation in nearby Lexington, Kentucky, approximately 35 km north-northeast
of Dix Dam. Although Lexington is outside of the Dix River watershed, its relative proximity can provide insight to
regional weather patterns that affected operation of the plant. From the plot, it can be seen that cumulative precipitation
was above normal in Lexington from January through June 2024, although June did not have much additional precipitation.
Cumulative precipitation was then behind normal for most of the rest of the year. This helps explain the capacity factor
diagram for Dix Dam. In particular, the very low capacity factor from July through the end of 2024 is the result of cumulative
precipitation levels being below normal for that time, and thus providing less water for hydroelectric energy generation.
Figure 8 provides additional context about the Dix Dam hydroelectric plant operation. The solid line in the figure shows
the lake level (elevation) over the analysis period.


