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Abstract

Hybridization of solar and wind energy sources is a promising solution to enhance the
dispatch capability of renewables. The complementarity of wind and solar radiation, as
well as the sharing of transmission lines and other infrastructures, can notably benefit
the deployment of renewable power. Mapping of hybrid solar-wind potential can help
identify new emplacements or existing power facilities where an extension with a hybrid
system might work. This paper presents an analysis of a hybrid solar-wind potential by
considering a reference power plant of 40 MW in the Iberian Peninsula and comparing
the hybrid and non-hybrid energy generated. The generation of energy is estimated
using SAM for a typical meteorological year, using PVGIS and ERA5 meteorological
information as input. Modeling the hybrid plant in relation to individual PV and wind
power plants minimizes the dependence on technical and economic input data, allowing
for the expression of potential hybridization analysis in relative numbers through maps.
Correlation coefficient and capacity factor maps are presented here at different time scales,
showing the complementarity in most of the spatial domain. In addition, economic analysis
in comparison with non-hybrid power plants shows a reduction of around 25-30% in the
LCOE in many areas of interest. Finally, a sizing sensitivity analysis is also performed to
select the most beneficial sharing between PV and wind.

Keywords: wind and PV power modeling; hybrid energy systems; SAM modeling;
capacity factor

1. Introduction

Renewable energy systems play an important role in reducing fossil fuel usage in
the energy mix worldwide. The increase in renewable energy share is expected to reach
over 40% by 2030, according to the International Energy Agency (IEA), where wind and
solar power dominate the contributions [1]. In Spain, for instance, renewable energies
produced over 50% of the Spanish electricity mix in 2024, and at the beginning of 2025, the
total PV and wind capacity installed was around 32 GW each (https://www.ree.es/en,
accessed on 20 July 2025). However, the intermittent nature of renewable resources is a
challenge for the dispatch of energy to the power network. Hybrid wind-solar power
systems may benefit from the resource complementarity and shared power equipment
and interconnections. The resource complementarity refers to the compensation of the
energy generation taking place when two or more energy sources are combined. On the
other hand, recent studies have proven the financial advantages of co-locating a PV system
alongside an existing wind power facility [2], or vice versa, due to shared substation and
grid connections, both with and without battery energy storage systems (BESS). Thus, the
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interest in studying hybrid renewable systems has increased notably during the last few
years, and many works, including modeling, site-specific analysis and optimization, can
be found in the recent literature [3-10]. In addition, complementarity analysis of wind
and solar PV has been studied in different regions and spatial scales using reanalysis wind
speed data and satellite-derived solar radiation data [11-13].

The analysis of the potential assessment of hybrid solar-wind power for grid-
connected and standalone systems requires different types and levels of complexity in
input data. A review of the data required, including long-term production, geo-spatial
planning and generation cost models, was recently conducted with particular focus on the
Spanish situation [14]. The level of detail needed in the available data for mapping hybrid
potential or analyzing the optimal locations for hybrid systems varies across different
studies. Thus, the use of a digital elevation model, along with average values of wind
velocity and solar irradiation, can be used to combine the energy resource with topography
and environmental constraints [15-17]. Correlation analysis can also be used in regional
analysis of hybrid potential to explore the areas with higher complementarity of wind
and solar resources [18,19]. For instance, a negative solar—-wind correlation coefficient was
estimated for Italy at the hourly, daily and monthly basis [20]. Similar results were found in
a recent study for specific sites in Portugal [21]. Analysis of coupled wind—solar with daily
data in southern Spain showed several seasonal patterns [22]. In addition, recent studies of
the Iberian electricity market with day-ahead forecasting have revealed an increase of 4%
average yearly net revenue from hybrid PV-wind-storage systems [23,24]. Moreover, a
simplified analysis using monthly data and different GIS layers show a suitability index for
hybrid solar-wind plants in Spain [25].

In this paper, an extensive model of a hybrid solar-wind power plant of 40 MW has
been developed using the SAM (System Advisor Model) hybrid model for the Iberian Penin-
sula. Additional modeling of individual PV and wind power plants of 40 MW is included
for the comparison between hybrid and non-hybrid systems. SAM (version 2023/12/17) is
a widely used software tool for modeling different renewable energy systems [26]. Among
all the systems, SAM allows for modeling more than one type of power technology in a
single grid-connected plant; in other words, a hybrid power plant. On the other hand,
several studies have used HOMER PRO to optimize the combination of different renewable
energy sources [3,7,27]. However, SAM offers much more versatility in terms of output
variables associated with plant performance and power output; in addition, it allows for
massive computing and dynamic control of input variables and configuration through
PySAM (https:/ /github.com/NREL/pysam, accessed on 20 March 2025). In this work,
hybrid PV-wind power plants and individual PV or wind power plants, each of 40 MW,
are defined in the modeling. Reanalysis and satellite-derived (ERA5 and PVGIS) data are
used for the wind and solar meteorological inputs required by SAM for its system models.
The modeling results and comparisons with individual PV power and wind power plants
of the same capacity are used to map hybrid potential and analyze the spatial distribution
of solar-wind complementarity and energy generation. The results of the modeling are
presented in maps of different variables of interest, including the annual energy, wind-solar
correlation coefficient and combined capacity factor, which show the spatial distribution of
the hybrid solar-wind potential in the Iberian Peninsula. Finally, a sensitivity analysis of
the sizing of PV and wind power in the hybrid plant is studied as a function of the capacity
factor. The main novelty of this work lies in the fact that it is the first map that analyzes
the wind-solar hybridization potential in the Iberian Peninsula in purely energetic terms.
In addition, to illustrate the economic aspects, a comparison of the levelized cost of elec-
tricity (LCOE) is presented using the default economic scheme of SAM. Using the default
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economic scheme of SAM and the hybrid and no-hybrid modeling, a 25-30% reduction in
LCOE is observed associated with the hybridization.

2. Materials and Methods
2.1. Meteorological Data

Solar and wind resource meteorological data on an hourly basis are needed to cre-
ate weather input files for any power plant model in SAM. In this work, the required
meteorological data were obtained, on an hourly basis, from satellite and reanalysis re-
trievals. The spatial domain selected for this work covers 35.9-44.2° N in latitude and
—9.6-4.5 °E in longitude, corresponding to the Iberian Peninsula (Spain and Portugal). Typ-
ical Meteorological Year (TMY) is used to represent the long-term meteorological conditions
at every point in the domain.

In the case of solar resource, TMY on an hourly basis from PVGIS SARAHS3 collection,
covering the period 2005-2023, was used. PVGIS TMY hourly data is generated by combin-
ing satellite-derived solar irradiance data and ERA5 reanalysis for the other meteorological
variables [28]. PVGIS SARAH solar irradiance data accuracy and reliability have been
validated extensively elsewhere [29-33]. PVGIS data can be seamlessly accessed in the
proper format by using the pvlib iotools library [34]. In the case of wind, ERA5 hourly wind
velocity at 10 m and 100 m height, as well as pressure and temperature, were used for 2005—
2023 [35]. Wind velocity at those two heights was derived from the u and v components of
the wind velocity, which are the output variables of ERA5 regarding wind velocity. The
month candidates to TMY were obtained from the PVGIS data; therefore, for each site, the
single month and year identified in PVGIS as TMY are considered the month candidates to
form a TMY. Thus, the TMY file for wind resources is created by concatenating the selected
months from the ERA5 2005-2023 hourly data. It is recognized that ERA5 reanalysis data
are sufficiently reliable to assess wind resource [36,37]. Moreover, the consideration of
ERAS5 as the most reliable reanalysis has encouraged its use in this hybrid wind—solar
energy potential modeling [38]. The spatial resolution is limited by the coarser resolution
of PVGIS and ERADS; thus, the spatial resolution used for the meteorological input was
0.25° x 0.25°, which is the grid resolution of ERA5. In addition, within the gridded points
selected in the domain, only those above sea level are suitable to retrieve data from PVGIS.
Finally, around 1200 files, in the proper format for modeling power plants with SAM for
solar and wind resources, were used from the PVGIS and ERA5 databases.

2.2. Methodology

The approach used in this work for determining hybrid potential consists of defining
a model of a hybrid wind-solar plant of reference and the individual equivalent PV and
wind power plants of the same capacity as the hybrid one. Figure 1 shows the capacity
ranges of most wind and PV power plants in the Iberian Peninsula according to public and
available information [39]. There is a significant number of plants in the range of 40 MW
of capacity. Thus, it is reasonable to select 40 MW as the power capacity for the reference
plant to simulate in this work.

Three reference plants were considered in this analysis: a hybrid 40 MW power plant
(consisting of 20 MW wind Power, 20 MW nameplate capacity PV Power), a pure PV power
plant of 40 MW nameplate capacity, and a pure wind power plant of 40 MW. The pure
PV and wind power plants share the same technical characteristics of the corresponding
hybrid system, except for the system capacity. The PV subsystem selected is a bifacial
system with a single-axis tracking and surface azimuth of 180° (south-oriented), since this
is the current trend in Spanish PV plants. Simple assumptions are taken for the boundary
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conditions of the reference plant. Thus, there is no interconnection limit imposed to avoid
grid curtailment.

PV Power Plants Wind Power Plants
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Figure 1. PV (left) and wind (right) power facilities in Iberian Peninsula.

Wind power is estimated in SAM by the empirical power curve in the SAM tur-
bine database, which determines the turbine power as a function of the wind speed [40].
PV power is calculated by the PVWatts model [41], which uses the following simplified
equation to estimate the DC power (Ppc) as a function of the irradiance and module
temperature (Tj,):

I
Ppc = WPO(“F ¥ (T —25)) 1)

where [ is the incoming solar irradiance to the module (also known as plane of array
irradiance) and v is the temperature coefficient of power. DC to AC conversion of the
estimate by the technical coefficients of the specific inverter model in the SAM database.

Table 1 summarizes the main technical characteristics of the hybrid plant. SAM user
interface automatically includes many input variables with the default values for the type
of plant selected. All these values were reviewed, and changes to the parameters were
introduced according to the technical characteristics of the selected plants. Individual wind
and PV power plants share all technical parameters, except for nominal power, with the
hybrid reference plant to allow for proper comparison. Then, all the parameters were stored
as a JSON-formatted file for each power plant considered in this work, and a proper script
using PySAM was prepared to load all the parameters and run the plant model.

Table 1. Technical characteristics of the hybrid reference plant.

Parameter Value
PV nameplate capacity 20 MW
PV DC to AC ratio 1.3
PV Rated Inverter size 15.38 MW
PV orientation and tracking 1-axis tracking south-oriented
Total PV losses (soiling, shading, wiring, . ..) 14%
PV Bifaciality 0.7
Wind Power 20 MW
Number of turbines 10
Turbine model Gamesa G114 2.0 MW

The approach is then to model, using PySAM, the hybrid, individual PV and wind
plants for each point in the domain under study to compare the hybrid generation with
the generation of a non-hybrid plant [42]. The procedure of modeling three plants allows
for presenting most of the results in a relative way (i.e., hybrid power plant performance
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is determined by comparison with the individual standalone PV or wind performance).
Therefore, the results are dependent on the technological parameters and the economic
scheme used in the input is minimal.

3. Results
3.1. Energy Generation

Modeling the energy generation of each plant (individual PV, individual wind and
hybrid plant) with PySAM for each gridded point in the domain was performed using
TMY files generated from PVGIS and ERAS retrievals. For mapping purposes, a 2-D linear
interpolation was performed at a spatial resolution of 0.05° x 0.05°, which corresponds
to around 5 km of spatial resolution. Figure 2 shows the annual generation maps, which
represent the long-term performance of each reference plant. PV generation is considerably
higher than wind energy, except in some specific regions, which is also remarked in the
hybrid annual energy map. In addition, PV annual generation is much more homogeneous
along the domain than wind annual energy. On the other hand, the wind annual energy
map has a wider range of variability, but most of the territory has an annual wind energy in
the range of 40-70 GWh. The highest wind generation is placed on the west and northwest,
close to the shore. The hybrid annual generation pattern shows higher similarity with the
individual wind power generation, since wind power exhibits much higher variability
than PV power. Nevertheless, hybrid annual energy is higher than individual wind power
generation, except in a few local regions where the wind resource is very high. Finally,
there are some regions where the annual energy generated by the hybrid 40 MW plant
outperforms the energy of a pure 40 MW PV plant.

3.2. Analysis of Hybrid Potential

The Iberian Peninsula has very good resources for renewable energy systems, in-
cluding both solar and wind. The integration of both resources can be analyzed by the
correlation in the hourly generation of wind and PV power. The correlation coefficient of
wind and PV power can be calculated from the hourly values of the simulation results of
the individual wind and PV reference plants. The mathematical expression for estimating
the correlation coefficient is

Y (Ppv — Ppv) (Pwind — Pwina)
\/Eh (Pev — Pov)* (Pwind — Pwind)”

()

where Ppy refers to hourly values of PV power, Py,  is the hourly time series of wind
power, and h is the hourly timestamps in the period of analysis (8760 values for a complete
year). In order to study the complementarity of wind and PV power, the correlation
coefficient is estimated for hourly values exclusively during the daytime. Negative values
indicate that an increase in wind power corresponds to a decrease in PV power and vice
versa; on the other hand, positive values are associated with a simultaneous increase or
decrease in both variables. In fact, the correlation can be computed for aggregation at
different time scales. Figure 3 shows the map of the correlation coefficient on an hourly
basis for daytime, daily and monthly time scales.
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Figure 2. Annual generation maps: PV (upper), wind (middle), hybrid plant (bottom).
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Figure 3. Map of correlation between wind and PV power at three scales: hourly during daytime,
daily and monthly.

The maps are mostly dominated by a negative correlation. In the case of hourly corre-
lation, the west and center areas indicate some degree of complementarity between wind
and PV power, reaching up to —30%, indicating a good potential for hybridization of solar
and wind. The eastern part of the map shows lower correlation, and only a few local areas
show positive correlation. The results shown in Figure 3 are in general good agreement
with a previous study performed for Portugal by Couto and Estanqueiro [21]. Analysis of
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224 existing wind parks in Portugal using high spatial resolution data on an hourly basis
for 20152016 resulted in clustering the locations in eight groups. The complementarity
of wind and solar PV, estimated on an hourly basis, resulted in a correlation of —20% for
the central and northern regions of Portugal, which is comparable to the range found in
this work (—15 to —20%). In addition, the results for Lisbon and southeast areas (around
—10% and —5%, respectively) also showed general agreement with the aforementioned
previous study [21]. A similar agreement with the Couto and Estanqueiro analysis is also
found at daily scales, where a high negative correlation (—35%) is found in north Portugal,
a lower negative correlation is estimated for the Lisbon area, and even a slightly positive
correlation is found in the southwest. Finally, the monthly correlation shows a smoother
distribution than daily.

In the analysis of hybrid potential, geographical and physical constraints should be
taken into account in addition to the energy generation features. Thus, digital elevation
model and land cover information can be used to elaborate realistic limitations to the
available geographic areas for installing power plants. The elevation model used was
the SRTM30. The slope of the terrain was calculated using the digital elevation model,
and a binary mask was applied to eliminate areas with a slope greater than 10%, which
are considered unfeasible areas for PV deployment [43,44]. In addition, the Global Land
Cover 2000 was used to exclude the regions that fall into the following categories: artificial
surfaces, water bodies, snow and ice, and irrigated agriculture. Taking into account the
available geography limited by the elevation and land use conditions, the ratio of annual
hybrid energy to annual non-hybrid energy can be calculated for PV and wind. Figure 4
shows this ratio along with the location of PV and wind power plants. The maps for
the index hybrid to PV and the index hybrid-to-wind power would show those areas
where hybrid generation outperforms the pure PV generation or pure wind generation
for the same nameplate capacity, respectively. The location of actual power plants helps
identify the best areas for hybrid power plants since some electric power infrastructure is
already present on site. The hybrid to PV ratio index shows very large geographic regions
in the range of 0.8-1.2; the top northeast has an index around 1.6-1.7 because PV and
wind generation are very unbalanced (very high wind power with the highest values in
the domain and very low PV generation in the lowest range). Similar behavior can be
observed in the hybrid-to-wind ratio regarding the wind-PV unbalance; in the areas close
to mountain ranges, the wind generation is significantly much lower than in the rest of the
spatial domain under study, and the results can be unrealistic since, in practical terms, PV
deployment is not feasible for technical and economic reasons. Since the PV annual energy
range is much narrower than that of wind energy, there are small regions in the domain
where the hybrid-to-wind ratio increases abruptly. Nonetheless, the comparison of both
maps indicates a higher ratio of hybrid-to-wind than hybrid-to-PV. In fact, PV generation in
the Iberian Peninsula is rather high in most of the territory. Thus, the gain of incorporating
PV power plants on existing wind power seems to be higher than the opposite.

In order to analyze the dispatch capacity of the hybrid power plant, it could be inter-
esting to compute the ratio of wind energy generated during nighttime in the hybrid power
plant to the total hybrid generation. Figure 5 shows the distribution of the contribution of
wind power during the night to the total energy dispatched. The nighttime wind power
contribution can reach 35% of the energy generated only in the northwest corner of the
peninsula. Nevertheless, there are several regions where the contribution of nighttime wind
power is around 25-30% of the total energy. This information is an indicator of the dispatch
capacity of the hybrid power plant. In addition, the regions with high contribution of night-
time wind power to the total energy (higher than 20%) have quite similar characteristics
to the regions with higher energy generation, as shown in the hybrid generation map of
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Figure 2. In the figure, the location of actual PV power plants is also displayed to illustrate
the potential for hybridization by adding a wind power plant to an existing PV plant.

PV Plants
Hybrid/PV Ratio
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- Wind Farms
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Figure 4. Hybrid-to-pure PV and -pure wind annual energy ratio. PV (upper), wind (lower).

The detailed analysis of the modeling results in some specific locations on the map
can be illustrative of the contributions to the hybrid potential. To illustrate this statement,
four points have been selected in the regions of most interest in the hybrid generation map,
taking into account the areas with higher energy generation, relatively flat areas and good
wind potential. The coordinates of the selected points are the southwest corner (37.5° N,
—8° E), northwest continental (42° N, —5° E), northeast (41.5° N, —0.5° E) and central east
(39° N, —1.5° E). On these points, a detailed analysis of the modeling results on a daily
basis is performed by computing box and whisker plots for the monthly distribution of
the wind and PV daily energy in the hybrid power plant of 40 MW. Figure 6 shows the
resulting box plots. PV generation is quite similar in all the points compared to wind. The
variability (represented here by the vertical size of the box) of PV is significantly smaller
than the wind contribution. The hybrid capability is represented by the higher contribution
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of wind power in the winter months, which complements the PV reduction. On the other
hand, from April to September, the generation is dominated by PV power.

- PV Plants
Wind Night / Hybrid
(%)

B 5.0

N 8.0

. ]11.0
1140
. ]17.0
. ]20.0
. ]23.0
. 126.0
129.0
N 32.0
I 35.0

Figure 5. Contribution of nighttime wind power to the hybrid plant’s total energy. Dots represent the
locations of PV power plants.
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Figure 6. Boxplot of the monthly distribution of wind and PV generation of the hybrid plant for
several points.

4. Discussion

The stability and complementarity of wind and solar energy are fundamental features
to accomplish proper hybrid power generation. The complementarity of wind and solar
power, in terms of correlation coefficient on an hourly basis, was described in the previous
section. A large part of the domain exhibits a negative correlation that indicates comple-
mentarity (wind power increases when solar decreases and vice versa). It is expected
that the correlation increases for longer time scales [20,45]. On the other hand, PV power
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generation is more stable than wind power. The interquartile distance of the monthly wind
power generation (represented by the size of the boxes in the Boxplot graphs of Figure 6) is
much higher during winter than that for PV generation; this dispersion of monthly wind
power, especially in winter months, somehow limits the wind—solar complementarity.

The capacity factor (CF) of the hybrid power plant can be defined as the sum
of the capacity factor of each subsystem, weighted by the corresponding ratio of the
nameplate capacity:

N .
CFpy + —md CFy 3)

CFuypria =
Y NTOTAL NroTtaL

where N; refers to the system’s nominal power for the PV and wind subsystems and the
total hybrid power plant. Similar combinations of the individual capacity factors have
been used in previous works on the optimization of solar-wind hybrid systems [8,46]. The
base case in this work consists of 20 MW of PV and 20 MW of wind power; in this case,
the hybrid capacity factor is just the average of the PV and wind individual CFs. Figure 7
shows the map of the capacity factor for the hybrid 20/20 MW plant. This map is very
similar to the map of annual energy of the hybrid plant shown in Figure 2.

Capacity Factor (%)
20 MW PV / 20 MW Wind

B 8
I 10
13
|15
.18
120
23
125
T 28
B 30

Figure 7. Map of CF for the hybrid power plant 20/20 MW.

The economic analysis of the hybrid power plant performance would require addi-
tional details about the market and the operational strategy of the power plant (battery
dispatch, curtailment, energy pool, and so on), and many of them have local characteristics
that would require local information on the grid, which is not widely available. However,
using the economic scheme implemented in SAM, a simple economic comparison can
be performed to illustrate the comparison of hybrid versus individual power plants in
economic terms for a few selected sites. As an example, an analysis is performed for several
selected points, according to the hybrid potential shown in the different maps, to illustrate
the economic differences. Table 2 presents the results of energy and LCOE for the individual
plants (i.e., the sum of PV and wind non-hybrid cost of energy) compared to the hybrid
plant assuming a power plant of 40 MW of capacity.
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Table 2. LCOE comparison of PV, wind and hybrid plant for 40 MW of capacity for the northeast site.

Coordinates LCOE Hybrid (cent/kWh) LCOE Individual (cent/kWh)
375°N, —8.0°E 7.30 10.43
39.0°N, —-1.5°E 7.43 10.76
415°N, —0.5° E 6.28 8.57
42.0°N, —5.0° E 7.30 10.34
43.5° N, —5.5° E 11.80 18.38

The results expressed in Table 2 show the economic benefits of hybrid power plants
compared to individual power plants without hybridization for the same nameplate capac-
ity. Even in less efficient emplacements (i.e., the north Cantabrian coast with coordinates
43.5° N, —5.5° E), the solar-wind hybridization outperforms the individual single wind and
PV configuration for the case of a 40 MW power plant. Using the default economic scheme
of SAM for the solar—wind hybrid case of 40 MW and comparing it with the results of the
economic analysis of standalone PV and wind plants, the LCOE is expressed in relative
terms independently of the economic model used. Thus, Figure 8 shows the percentage
reduction in LCOE resulting from hybridization across the whole domain under study.
Pixels with a slope in terrain exceeding 10% have been removed under the hypothesis that
it is considered unrealistic for PV deployment. The map shows LCOE reduction of 25-35%
in regions with wind power plants and terrain conditions that allow the deployment of
a PV power plant. It should be remarked again that areas close to high mountain ranges
show unrealistic results since PV deployment is not feasible.

LCOE Reduction (%)

Figure 8. Reduction in LCOE in percentage associated with the use of a hybrid solar-wind.

A sensitivity analysis on the sharing of nominal power can be conducted to explore
the optimal sizing of a 40 MW hybrid power plant. Seven different shares of the PV /wind
power have been used here to explore the optimal sizing: 4/36 MW, 10/30 MW, 16/24 MW,
20/20 MW, 24/16 MW, 30/10 MW and 36/4 MW. The criterion for selecting the optimal
share was to maximize the CFpyy,i4 using Equation (2). The combination of nominal power
that results in maximum capacity factor for a 40 MW hybrid solar-wind power plant is
shown in Figure 9. The resulting capacity factors and the spatial distribution of the sizing
cases show the dominant impact of PV in most of the territory. Few regions, mainly on the
east near the shore, showed the benefit of oversizing wind power. These results suggest the
potential of installing PV on existing wind farm locations.
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Sizing Case
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Figure 9. Capacity factor of a hybrid 40 MW solar-wind power plant with optimal combination of
PV and wind subsystems.

5. Conclusions

Hybrid solar-wind power systems are being recognized as a promising solution for
mitigating the effect of the intermittency of renewable resources. The complementarity of
wind and solar resources may result in a higher dispatch capability of a renewable power
plant. The sharing of the interconnection grid and other features is an additional advantage.
Mapping of some features of solar—wind power plants through modeling of the energy
generation and performance can help in better understanding the spatial distribution of
the hybrid potential.

This work utilized a hybrid PV-wind power plant of 40 MW as a reference for mod-
eling the generation of energy using SAM, employing the hybrid scheme of this tool and
available TMY data from PVGIS and ERAS for the Iberian Peninsula. Additional modeling
of a standalone 40 MW PV power plant and a 40 MW wind power plant is also included
to compare the hybrid capacity. The relative comparison of the hybrid plant energy to
PV or wind power separately minimizes dependence on technical parameters and on the
economic scheme used as input.

The correlation of wind and solar power at different time scales is negative in most
parts of the domain under study, indicating a partial good complementarity of both re-
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sources. The hybrid potential may be represented by the capacity factor of the plant
normalized to the individual capacity factors of PV and wind. In this sense, the combined
capacity factor of the PV and wind subsystems was used to analyze the sensitivity of
oversizing one subsystem against the other. The results of this study show that oversizing
the PV subsystem produced a higher capacity actor of the hybrid power plant in most
regions of the Iberian Peninsula. In consequence, these results suggest utilizing existing
wind power sites to hybridize with PV. Nevertheless, these results should be taken as a
general first attempt to analyze the hybrid potential in the Iberian Peninsula, since the
meteorological information used here has a coarse spatial resolution. Since wind velocity
is highly variable locally, further details should be studied in those areas of high interest
using the finest spatial and temporal resolution of the meteorological data. Finally, the
reduction in the LCOE due to hybridization is estimated to be around 25-35% for most
areas of interest. The results and methodology of this work encourage the planning of
future work that involves detailed analysis and the impact of storage, grid curtailment and
other parameters associated with the energy market, which will enhance the actual initial
analysis of hybrid potential in the Iberian Peninsula.
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Abbreviations

The following abbreviations are used in this manuscript:

BESS Battery Energy Storage System
CF Capacity Factor

GW Gigawatt

ERA5  ECMWEF Reanalysis

IEA International Energy Agency
LCOE Levelized Cost of Energy

MW Megawatt

PV Photovoltaics

PVGIS Photovoltaic Geographical Information System
SAM System Advisor Model

™Y Typical Meteorological Year
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