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ABSTRACT Riverine hydrokinetics (RHK) represent an emerging technology in the renewable energy
space with commercially-deployable systems on the horizon. In Alaska, many rural and remote communities
exist on major rivers and are burdened by high costs of electricity and imported fuel, making them a
promising end-user of these systems. However, it remains an open question as to how the addition of
RHK will affect grid performance and electricity costs. Specifically, this study looks at the effects of
integrating riverine hydrokinetics on a hybrid diesel microgrid with solar and battery infrastructure. Using
real electrical load data and riverbed transects, estimated RHK costs, and modeled solar photovoltaic and
river energy resources, a HOMER model was used to analyze the effects on battery degradation, and then
expanded to look at fuel usage and levelized cost of energy. The addition of summer-only hydrokinetics
was shown to have negligible impacts on battery performance and no impact on battery lifetime. Fuel
savings were proportional to RHK size at lower penetrations, but diminished at higher penetrations due to
significant curtailment. The estimated capital and operational costs of the RHK predicted an increase in
LCOE for all scenarios, ranging from 16% to 39% with increasing system size.

INDEX TERMS Microgrids, river hydrokinetic energy, energy storage, battery degradation.

NOMENCLATURE
Abbreviation Expansion
ADCP Acoustic Doppler current profiler.
ASM Advanced Storage Module.
BESS Battery energy storage system.
CapEx Capital expenditures.
DOD Depth of discharge.
EOL End of life.
HOMER Hybrid Optimization of Multiple

Energy Resources.
IEA International Energy Agency.
kW Kilowatt.
kWh Kilowatt-hour.
LCOE Levelized cost of electricity.
MW Megawatt.
MWh Megawatt-hour.
NLR National Laboratory of the Rockies.
O&M Operations and maintenance cost(s).

PCE Power Cost Equalization.
PV Photovoltaic.
RHK Riverine hydrokinetic.
SOC State of charge.
TMY Typical meteorological year.
VRE Variable renewable energy.

I. INTRODUCTION
A. RENEWABLE ENERGY IN ALASKAN MICROGRIDS

ABOUT a fourth of Alaska’s population resides outside
of the central electrical grid known as the “railbelt”, [1]

living in standalone microgrids that are dominated by diesel
electricity generation [2]. The energy burden, described
as the ratio of a household’s energy costs to household
income, is extreme among this population: between 2013
and 2018 the mean household energy burden across the
Yukon-Koyukuk and the Southwestern census areas all
exceeded 10%, compared to an average of 2.5% in the
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lower 48 states [3]. The range of electrical rates in rural
communities are three to five times higher than the average
$0.191/kWh rate in Anchorage, Fairbanks, and Juneau in
2018 [4]. As of 2024, 188 Alaskan communities participated
in the state’s Power Cost Equalization (PCE) program, but
despite the subsidy the weighted average cost of electricity
for residents remained $0.2628/kWh, ten cents above the
national average [5], [6].

The substantial energy cost burden in rural Alaska has
led to an interest in alternative energy production. Wind,
solar and hydro-electric projects have become increasingly
prevalent, with 31 PCE communities reporting renewable
energy generation in 2024 [5]. These projects have the dual
ambition of driving down energy costs as well as boosting
energy independence by creating local jobs and reducing
reliance on PCE. Figure 1 illustrates the increase in wind
and solar generation among PCE recipients over the last two
decades.

In 2024, the International Energy Agency (IEA) created
a framework identifying 6 phases of variable renewable
energy (VRE) integration into grid systems [7]. The incen-
tive behind this was to categorize the challenges associated
with the uptake of VRE within each phase and give a
targeted approach for utilities to address these issues. Phases
1 to 3 entail relatively low-cost modifications to address inte-
gration, whereas the higher phases require marked changes
in system structure to maintain power quality. Due to the
nature of their grid sizes, many Alaskan communities are
already reaching phases 3 or 4 of the six-step framework,
raising concerns over VRE effects on power quality and grid
reliability [8], [9].

For systems in the higher phases, IEA cites various
methods for grid management including energy exports,
various duration storage solutions, demand response and
curtailment. The remoteness of Alaskan microgrids and
their limited human capital and infrastructure make many
of the conventional solutions unattainable. Nevertheless
a variety of integration strategies have been adopted
across the state [8]. In particular, recent improvements
to inverter technologies have made battery energy storage
systems (BESS) with grid-forming inverters feasible for
the first time in these microgrids [9], and preliminary
studies have shown promise for their continued adoption
[10].

B. RIVERINE HYDROKINETICS

An untapped energy resource presents itself by virtue of
many Alaskan communities proximity to major rivers where
traditional hydroelectric plants are infeasible. While the field
of riverine hydrokinetics (RHK) is relatively nascent [11],
a survey in 2024 of Alaskan riverine communities suggests
there is a high capacity for power supply, shown in Figure 2
[12], [13].

The majority of these riverine communities exist in Inte-
rior Alaska where wind and traditional hydro resources are

FIGURE 1. Total wind and solar generation across PCE
communities between the year 2000 to 2024 [5].

FIGURE 2. Alaska river communities with their load and river
energy resource [12], [13].

scarce [14]. Thus many of the alternative energy projects
that are developing in the Interior involve solar photovoltaics
(PV) as the economical renewable energy source and BESS
with grid forming inverters to provide energy arbitrage
and periods of diesels-off operation. If the trend of these
installations is projected to continue, it is logical that solar
and BESS should be included in future modeling efforts of
Interior Alaskan microgrid systems.

A community that is perhaps the most emblematic of
these energy transitions in the Interior is Galena, along the
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FIGURE 3. Nameplate capacity of currently operating BESS
installations in Alaskan microgrids, relative to maximum
average monthly load as reported by PCE 2024. Point size is
proportional to combined wind and solar penetration level. The
dashed lines give a reference battery “duration”, defined in
hours at the maximum average monthly load.

Yukon River in Alaska’s western Central Interior with a
population of 435 [5]. As of writing, Galena is constructing
a 1.5 MW solar array and a 1 MWh BESS. The size of
the solar array farm is comparable to the peak load of the
community, thus propelling itself directly into a phase 4
grid by IEA’s framework. Figure 3 shows that while it
is among the upper echelon of BESS adopters across the
state, it follows the general trend in sizing its energy storage
relative to the community load. To position this study to be
the most timely and representative for future Alaskan micro-
grids, Galena was chosen as a representative case study for
understanding the techno-economic effects of RHK assets
on solar-BESS dominated microgrids. While it is on the
larger side of the communities under consideration in terms
of load, solar capacity and BESS size, all of these factors
are currently on the rise. Thus Galena serves as a reasonable
approximation for future communities. Furthermore, many
of the results are prescribed by the ratio of VRE to load,
which can more easily be extrapolated to communities of
differing sizes.

Given the challenges surrounding high-penetrating inte-
gration of renewables, the addition of any new resource
needs to be preceded by substantial modeling on grid effects
and services. Prior studies on RHK turbine deployment in
microgrids include [15] and [16]. However, these are in
tropical climates where the resource is available year round.
Many Alaskan rivers freeze for long periods of time during
the winter, necessitating summer-only deployments. In this
study, the impacts of summer-only riverine energy on the
levelized cost of electricity (LCOE) and battery performance
of the representative community were examined. The focus
was on power exploration rather than physical and logistical

limitations, in hopes of better understanding the energy
balance phenomena at play. This has the dual purpose of
informing grid operational decisions to help improve system
compatibility as well as to size RHK systems for optimal
performance. These results will help any community or
utility to better understand the costs and benefits associated
with a potential hydrokinetic project, and will also help to
inform future research directives.

II. METHODS
The Hybrid Optimization of Multiple Energy Resources
(HOMER) software, originally developed by the National
Laboratory of the Rockies (NLR) and now developed by UL
Solutions, was selected as the modeling suite. This software
has been used extensively in prior research on hybrid diesel
microgrids [15], [17], [18], [19], [20], [21]. Included in
the suite is the Advanced Storage Module (ASM), which
estimates battery degradation using rate-dependent losses,
the rainflow-counting algorithm and temperature effects
[22]. The rainflow-counting algorithm is commonly used to
more accurately model battery lifetime [23], [24].

A. ENERGY & INFRASTRUCTURE

To best approximate the diesel generation in HOMER, pub-
licly available information from Rural Alaska Communities
Energy Efficiency profiles provided by the Alaska Energy
Authority [4] was utilized alongside communication with the
powerhouse engineering contractor in Galena. The following
diesel generators were used in the model: a Caterpillar
1010 kW, a Caterpillar 450 kW, a Caterpillar 600 kW, and
two Kohler 360 kW.

Minutely load data from 2022 to 2024 was provided
by the community utility and was downsampled to hourly
resolution. Downsampling was either a simple mean over the
course of the hour, or the median value in the case of an
outage. 2023 was chosen as the representative year because
it had fewer gaps than the neighboring years. Gaps were
filled from 2024 due to the majority of the available data
from 2022 not aligning with missing values. Any remaining
gaps were filled from the previous week at the same hour
of day.

The battery used in the simulation is a generic 1 kWh
lithium ion battery available within the ASM. Based on
communication with the contractor selected for the solar
energy and battery storage project, the BESS was sized to
1080 DC volts, 4 parallel strings, and 1.2 MWh capac-
ity in HOMER. To accurately account for the cumulative
effects of battery degradation, the project lifetime was
selected to be 20 years, which is longer than even the most
conservative rated lifetime of li-ion BESS systems [25],
[26].

In order to model PV output, typical meteorological
year (TMY) data was downloaded from the PhotoVoltaic
Geographic Information System provided by the European
Commission [27]. Galena’s TMY is based on the ERA5
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FIGURE 4. Satellite image showing the location of transect T10R
in Galena, AK. Figure from University of Alaska Anchorage [30].

FIGURE 5. Comparison between load and resource availability.

reanalysis data from the European Center for Medium Range
Weather Forecasting and built by the ISO 15927-4 procedure
[27], [28]. The TMY were then fed into the System Advisor
Model developed by NLR. The Perez sky diffuse model was
used, and the monthly ground albedo values set at 0.8 for
months with snow (October through April) and 0.2 for the
months without snow [29]. The ground coverage ratio was
set at 0.36 from conversations with the contractor. For the
subarrays, 24 of 550 watt modules were used. The overall
array was sized to be 100 subarrays in parallel. Twelve
125 kVA inverters were selected, for an overall rating of
1500 kW. This is similar to the array in construction for the
community.

The individual RHK turbine was sized to 100 kW name-
plate capacity at a rated speed of 2 m/s. Through linear
combination of this turbine, a large range of RHK electrical
capacity was explored. Water flow velocity was calculated
from data originally acquired with acoustic doppler current
profiler (ADCP) transects by a field crew from the Uni-
versity of Alaska Anchorage [30], who established power
relationships between stream discharge and depth-averaged
velocity at specific measurement points. Using these

regression equations, average and maximum flow velocities
were calculated for transect T10R in Figure 4 based on
USGS discharge data from 2020 to 2024 [31]. The theo-
retical river resource from the year 2023 was used to match
the load data. Transect T10R was identified as a potential
location for RHK deployment based on the ADCP velocity
measurements obtained during the original survey. Only data
from the open water season were considered, defined as May
1st through November 15th for this analysis. Figure 5 plots
the available resource in the modeled year for an example
200 kW RHK system along with PV and community load
data.

Long term river resource was not considered. Reference
[32] determined that the average discharge for the middle
and upper Yukon river basins have decreased since 1984 by
a small but statistically significant amount. Galena is located
in the middle basin, so long term river resource is expected
to reduce slightly.

B. BATTERY DYNAMICS
The lithium-ion batteries were modeled using HOMER’s
Modified Kinetic Battery Model for an assessment of their
performance and lifetime. This model takes into account
a number of factors affecting battery life, including rate-
dependent losses, temperature effects, and cycling [33].
HOMER separates these factors into two “variables”, group-
ing calendar and temperature effects into one, and cycling
adjusted for depth-of-discharge as the other. Due to irregu-
larities in battery cycling with VRE, a “Rainflow Counting”
algorithm is used to convert state of charge time series
into cycle-equivalent depth-of-discharge (DOD) [22]. The
number of cycles and their associated DOD is then used to
calculate cycling degradation.

In general, battery degradation manifests in two ways: as
a loss in battery capacity or an increase in internal battery
resistance [34]. An empirical model described by [35] and
used in HOMER’s ASM assumes that cell resistance growth
is an additive effect of the two variables, calendar and
temperature effects and cycling, whereas capacity losses
are controlled by the largest of the two. Thus the end
of life (EOL) criterion for a battery depends on whether
series resistance or capacity loss is the limiting factor,
which varies depending on the use case. These two metrics
are strongly interrelated, but capacity loss typically has a
stronger correlation with battery lifetime [36] and is easier
to predict [37], so it was used in this study. Beyond EOL
calculations, HOMER does not account for the effect of
increased series resistance on round-trip efficiency, but it
does factor in capacity losses on the DOD during cycling.

A summary of the battery specifications used in HOMER
are provided in Table 1. The contractor provided a degra-
dation curve and an EOL estimate of 5000 cycles from
preliminary equipment quotes, from which the capacity
degradation limit of 65% was chosen. The minimum state
of charge was set to 35%.
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TABLE 1. Lithium-Ion BESS specifications.

Due to temperature control on the BESS enclosures,
temperature effects were not considered in this analysis.
Reference [38] estimates that the daily BESS tempera-
ture control loads for an insulated containerized system
in Fairbanks range from 0 kWh to 50 kWh, which is
negligible compared to the peak daily community demand
of 19.2 MWh. Fairbanks experiences a similar climate to
Galena [39], so the heating needs are expected to be similar.

C. ECONOMICS
Cost estimates used are taken from a range of years, so they
were converted to a standard dollar-year using the consumer
price index (CPI) [42]. For each component, the associated
annual national CPI for its year was used to convert to 2023
dollars [43].

The cost of diesel generators depend on their size. Ref-
erence [2] was used to estimate the capital and operating
costs by generator size. The cost curve estimates were used
to find the capital costs in 2014 dollars and then converted
to 2023 dollars. Operating and maintenance costs were done
identically. Replacement cost is estimated to be $700/kW.
Diesel fuel costs are $4.24 per gallon or $1.12 per liter in
2023 dollars [5]. See Table 2 for complete cost estimates.

Due to it’s nascent state, accurate cost estimates for
hydrokinetics are hard to come by. Sandia National Lab’s
dual rotor Reference Model 2 (RM2) provides the most
extensively-researched source of these estimates and was
therefore used for this study [40]. Nameplate capacity is
50 kW for each RM2 rotor, for a total of 100 kW. Capital
costs come from environmental permitting, installation of
moorings and turbines, structural material, and electronics,
while replacement costs omits the permitting costs. The
economies of scale from 1 to 10 units are considered. The
original values were in 2014 dollars and were converted to
2023 dollars.

The BESS capital cost was assumed to be $1000 per kWh
[18], although estimates for lithium ion BESS in rural
Alaskan communities vary widely, from as low as
$400 per kWh [44] to $10,000 per kWh [45]. As of writing,
replacement costs are unknown, but if set too high they can
cause HOMER’s modeled dispatch strategy to bypass using
the battery entirely. For this model it was assumed to be

$600 per kWh, and it was found that lowering this cost
has minimal effect on LCOE estimation and does not affect
battery usage.

Like BESS, solar costs in Alaska vary widely depending
on the geographic location of the array. As a state, the
cost of a solar array varies from $1.25/W to $4.60/W in
2018 dollars, depending on remoteness and size [41]. As
of writing, a large 1.5 MW solar project has not been
completed in rural Alaska, so the associated costs are
unknown. The large size of the array favors economies of
scale, but this is counterbalanced by the remoteness of the
location. A CapEx of $1.90/W in 2018 dollars was chosen,
which corresponds to $2.33/W in 2023. O&M costs vary as
much as capital [41]. $66/year in 2023 dollars was chosen
based on Galena being a larger village but not connected to
the road system.

III. RESULTS AND DISCUSSION
A. MODEL VALIDATION
To validate the HOMER model, the diesel only scenario was
compared to PCE reporting for state fiscal year 2023 and
2024. The model predicted 5291 MWh of diesel generation,
whereas PCE reported 5,116 MWh of generation in 2023
and 5,331 MWh in 2024 [5], [13]. This is between a 3.4%
and a 0.75% difference. The modeled annual fuel usage was
357,473 gallons, while the reported values for state fiscal
year 2023 and 2024 were 375,653 and 368,393 gallons,
respectively. Therefore the model roughly gives a 3% to
4.8% underestimate on fuel usage. This is less than the
year to year variability of consumption of the community
from 2012 to 2021 [46]. Because HOMER utilizes economic
dispatch, which is not often practiced in rural communities
in Alaska, this could represent possible savings in dispatch
and should not affect overall conclusions.

Explanations for model deviations from the real system
include differences in real versus modeled generator fuel
curves and generator dispatch, PCE reporting timing, and
powerhouse load losses. The model uses the generators
sizes listed above in Table 2 while the sizes of the actual
generators deployed are two 370 kW, and one each of
455 kW, 600 kW, and 1050 kW. PCE reporting is from July
to June, while HOMER uses the calendar year, so there
is inherent mismatch in the comparison. Finally, the load
data provided was gathered at the feeder, rather than the
generator. Therefore, it does not include powerhouse loads,
and represents the community-only load with line losses.

B. EFFECTS ON BATTERY PERFORMANCE
To better contextualize the effects of hydrokinetics on bat-
tery performance, a sensitivity analysis was conducted with
different system architectures. The results of this analysis
are shown in Figure 6. Three variables were scaled inde-
pendently from one another: battery storage capacity (kWh),
PV nameplate (kW), and RHK nameplate (kW), with annual
battery throughput as the dependent variable. During the
scaling of each variable, the other two were held constant,
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TABLE 2. Economics of infrastructure in 2023 dollars.

FIGURE 6. Effects of scaling resource nameplate and storage
capacity on annual battery throughput by holding two variables
constant.

with the reference being a 1.2 MWh BESS, 1.5 kW PV
array, and 200 kW RHK system. The initial target point
of 200 kW RHK was chosen as a likely upper bound on
nameplate capacity for an achievable riverine hydrokinetic
pilot project. Throughput was used as an easily-quantifiable
metric for battery usage, roughly indicative of degradation
rates.

Figure 6 shows that battery throughput is positively
correlated to solar and battery size, with roughly a lin-
ear relationship near the reference point. In contrast, the
throughput’s dependence on RHK nameplate is unimodal,
reaching an apex at 400 kW. Unlike other renewables, RHK
has relatively steady production on a day-to-day basis, and
thus when the resource exceeds the load, 600 kW RHK and
above, the grid is able to run diesels off without use of the
battery for extended periods of time. This leads to a decrease
in annual throughput.

It is evident from Figure 6 that several unique operational
regimes exist for the battery based on the size of RHK:

TABLE 3. Predicted battery behavior for various RHK.

low penetrations with no diesels off, high penetrations with
diesels off, and an intermediate region that sees the most
battery cycling. To better understand each of these regimes,
the following system architectures were chosen for further
analysis: a control of 0 kW, the reference case of 200 kW,
the system that yielded the highest throughput, 400 kW, and
an extreme case of 1000 kW.

Basic lifetime performance metrics for the battery under
these four cases are provided in Table 3. For every case
the predicted battery lifetime is 18 years. This is relatively
long compared to typical BESS lifetimes, but is reasonable
when considering that little to no cycling occurs for half
of the year. The independence of this result from system
size suggests that even in the most extreme case at 400 kW
RHK, there is not enough cycling occurring to degrade the
battery faster than its background time degradation rate.
Conferring Figure 6, it can be deduced that on top of this
base system architecture, no penetration of RHK would
change the estimated battery lifetime.

Figure 7 tracks the aggregated battery degradation for
all four cases across a deployment season, as predicted
by the ASM. Time degradation is also included in this
plot, which is defined as a flat rate in HOMER and is
equivalent for all four cases. As expected, the cycling-
induced degradation falls short of the time degradation under
all system architectures.

Looking more closely, each system experiences periods
of time in which the battery cycling is greatly reduced
or stopped entirely, suggesting the battery is either at a
minimum or maximum state of charge (SOC). For the base
case with PV only, gaps in solar resource overnight make it
impossible for the battery to be held at a full SOC, so these
are clearly periods of depleted storage. For the other three
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FIGURE 7. Degradation due to calendar wear and battery cycling
plotted as a % increase from the start of RHK deployment.

FIGURE 8. Battery SOC in a calendar year for various levels of
RHK.

cases, extended periods without cycling that are not mirrored
in the base case must then reflect a maximum SOC. This is
ultimately the driver behind the decreased annual throughput
seen at higher penetrations of RHK in Figure 6. To confirm
this, Figure 8 presents time series plots of the battery SOC.

While excess hydrokinetic resource explains the periods
of reduced cycling, heightened degradation rates are seen
during other periods of the year in the same systems.
The source behind this is not immediately evident in the
SOC plots, so two periods of interest were chosen for a
more detailed time series analysis: May 20th - 26th, and
August 25th - 31st.

In May, the PV resource is generally high, and the riverine
resource is increasing with spring melt. RHK output reaches
its peak on May 27th, which can be seen in Figure 5.

FIGURE 9. A time series analyses of weeks of high battery use
in spring and fall.

Figure 9 shows that during this time the addition of 200
and 400 kW RHK allows the battery to reach a full state
of charge for a longer period during the day, and gives
a slightly larger DOD than PV alone. In contrast, the
1,000 kW RHK achieves a state of continuous full charge,
as the RHK resource surpasses the community load starting
on the 24th. This matches the flattening of the degradation
curve on the left end of Figure 7, near week two.

In contrast, August is marked by a lower average PV and
riverine resource. Figure 9 in the fall shows that the PV
alone generates minimal cycling of the battery, explaining
the flattening of the curve in Figure 7 around week 16. With
the addition of 200 and 400 kW RHK, the average resource-
load ratio is still below the community load, but the DOD
is heightened. With 1,000 kW RHK, a full DOD battery
cycling occurs every day, with the RHK resource supplying
slightly less than the community load and solar periodically
increasing total generation across the 1:1 ratio line.

This plot also reveals another counterintuitive process: the
battery will begin cycling before the resource surpasses the
load. For instance, on the 28th and 29th of August, the PV
only scenario experiences battery cycling even though the
resource never exceeds the demand. This phenomena is also
present in May, but is less obvious. Upon further analysis,
the premature cycling occurs when the difference between
the load and the renewable energy resource is below the
minimum power output of the diesel generation. In these cir-
cumstances, a typical generation control scheme will cycle
on the smallest generator available, but the remaining excess
generation will begin a charge cycle on the battery. This
is also present in the 1,000 kW RHK system architecture,
where slight fluctuations in the battery SOC overnight are
observed. This results in the highest rates of observed battery
degradation.
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TABLE 4. Fuel and costs parameters by RHK size in kW, in
reference to base case.

FIGURE 10. % fuel saved vs. % RHK curtailed, base capacity
factor of 0.265.

Generalizing, it’s clear that the highest throughput occurs
when the hydrokinetic resource is just short of the commu-
nity load, allowing for daily swings in solar and auxiliary
diesel to charge and discharge the battery fully. Heightened
throughput can be seen as a greater return on battery
investment; however this would be more complicated if the
battery lifetime was being reduced via cycling.

C. FUEL SAVINGS AND LCOE
Upon the determination that RHK had negligible effects on
any of the battery metrics accessible in HOMER, an addi-
tional analysis was done on the overall system economics,
primarily looking at fuel savings and levelized cost of energy
(LCOE). Table 4 presents displaced fuel and LCOE as
both a number and percent change. It also presents a cost
percent reduction value, or the reduction needed in capital,
replacement, and O&M costs of RHK to break even with
the base case LCOE.

The addition of RHK increases fuel displacement, but
this effect is diminished at higher penetration levels as the
grid becomes saturated with the resource and more RHK is
curtailed. Figure 10 shows that at 1000 kW RHK, nearly
40% of the river energy is curtailed. The high estimated
costs for RHK installation, O&M, and replacement produce
a steep and undesirable effect on LCOE. However, the
effects of economies of scale are apparent, with a single
100 kW RHK installation needing an 87% reduction in costs

to have the same LCOE as the base case, compared to the
roughly 70% cost reduction for the 500 to 800 kW size.

IV. CONCLUSION
This study looked at the effects of adding summer-only
riverine hydrokinetics to a mid-sized Alaskan microgrid with
a 1.5 MW PV array and 1.2 MWh BESS. The base case of
a hybrid diesel-PV-BESS system was chosen to provide the
most relevance to future Alaskan communities. The results
are relevant for any winter-peaking community with high
penetration of solar and a similar climate region to Interior
Alaska. RHK was implemented at a variety of capacity
levels, and the effects on battery lifetime, fuel displacement,
and LCOE were explored.

For all of the scenarios in the study, battery lifetime is
dominated by calendar degradation and remains unchanged
from the base case under different cycling scenarios. Battery
throughput and thus cycling degradation at first increases
with added RHK and then decreases to below the base case
throughput, as VRE reaches high levels of penetration. The
peak throughput occurs around 400 kW RHK when the
average daily resource hovers close to the community load.
In this case the PV supplies nearly a full charge cycle each
day, but the RHK is not sufficient by itself to keep the battery
topped off. While the additional cycling does not change the
predicted battery lifetime, in practice it would increase the
battery’s internal series resistance and lead to some loss in
battery efficiency. Predicting the severity of these losses is
beyond the capabilities of HOMER’s modeling suite. On
the other hand, maximizing throughput can be considered a
greater return-on-investment for the battery.

The high modeled cost of RHK is seen to drive a sharp
increase in LCOE from the base case, no matter what
scale of integration. As one might predict, fuel savings are
proportional to the level of RHK added, but the benefit
of fuel savings begins to diminish at higher penetrations
with more curtailed energy. In contrast, higher penetrations
benefit modestly from the economies of scale, and the cost
percent reduction value decreases to a minimum of 69%
for systems in the range of 600 - 900 kW. Communities
of smaller size would predictably benefit less from these
economies of scale, and vice-versa. For all of these cases the
LCOE remains between 16% to 39% higher than the base
case, and increases with the RHK size. For instance a system
with 200 kW RHK would require a net reduction in CapEx
and O&M $2,918,000 and $154,000 per year, respectively,
to break even with the base case.

The modeling suggests that remote, high latitude com-
munities considering adding riverine hydrokinetics to a
microgrid should evaluate their specific combination of load,
solar and storage. RHK is not predicted to meaningfully
extend or degrade BESS life. Therefore, communities should
seek to find an optimal capacity of RHK to install that max-
imizes diesel offset for a given load profile and combination
of existing generation, storage assets, and seasonal behavior

364 VOLUME 13, 2026



Bond et al.: Effects of Summer-Only River Energy on Microgrid-Size Battery Energy Storage

while balancing LCOE considerations, especially for new
technology.

Areas for future research are substantial. HOMER is an
excellent tool for energy balance modeling, but does little
to predict the grid instabilities that become a concern at
high penetrations of VRE. Future work is planned to address
this using a dynamic grid modeling platform. Furthermore,
characterization of the under-ice resource potential for RHK
penetration year-round would be predicted to substantially
change the economics surrounding this report. And finally,
replicating this modeling effort with different communities
would help to better generalize the results across Alaska.
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