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Abstract. The main objective of this study is to know
the generation potential in Chile through marine solar
technology, in terms of generated energy, exploitable area
and delimiting factors for its installation using
georeferencing tools for the application of restrictions, as
well as economic tools for sensitivity analysis and the
study of the economic feasibility of these projects on the
Chilean coast. Concluding that the chosen configuration is
economically viable at high levels of installed capacity,
primarily subject to the variability of the energy selling
price as the most significant factor contributing to the
sensitivity of the NPV (Net Present Value).

Key words. NPV (Net Present Value), Solar offshore
energy, LCOE (Levelized cost of energy).
1. Introduction

The northern region of Chile, with its high solar irradiance

and extensive coastline, emerges as a favorable setting for

solar energy generation. However, the lack of knowledge

regarding the potential of photovoltaic solar energy over
the sea poses challenges in terms of suitable locations,
regulations, environmental impact, and costs.
Internationally, this technology offers benefits such as
lower module operating temperatures [1] and weather
conditions that reduce soiling [2]. While the installation
of these plants presents technical and environmental
challenges, the internship focuses on assessing their
technical, economic, and environmental viability. In the
long term, the implementation of this technology could
significantly contribute to decarbonization and the
diversification of the energy matrix.

2. Methodology
The temperature of a photovoltaic module can be stated
by comparing the ambient temperature and radiation with
the stc situation (standard test condition).
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Fig.1 Photovoltaic module temperature.



For its part, the monthly energy generation can be
expressed as the product of the performance ratio,
efficiency, area and incident radiation.

E,, = PR -n- A-Giie[l, ... 12]
Fig.2 Energy generation.

Based on Figure 1 and 2, the expression that cerssttie
lower temperature operation factor of the photaiolt
panels in the sea can be developed.

B = 100

Fig.3 Mathematical Model.

(PR-n-A-G;)iell, ..., 12

Where PR is the performance ratio, a value thetadint
all the loses in the system, the efficiend}),(array area
(A) , radiation (G), Temperature of module (Tm),dan
gamma as a thermal coefficient. Were the left pathe
equation is a correction based on the operatiopéeature
of the solar panels.

Select and technically evaluate a suitable stracfor
different locations based on climate and geograplaged
on factors such as wave height, wind, and bathym#ie
implementation of galvanized steel structures usethe
salmon industry is technically viable, as detaitedow in
Fig.4.
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Fig.4 Steel platform

Calculate economic metrics based on a technicalarn@

assessment as the NPV and LCOE, comparing costs and

generation potential between onshore and offshore
installations to conclude on the viability of oftsle
generation in Chile.

3. Caseof study:

The considered location in the case of study isatiea of
the North of Chile, between the region of Arica and
Parinacota and the region of Antofagasta, showthé
Fig.5.

Fig.5 Area considered

4. Results:
In summary, the study results are as follows:
A) Validation of the generation model:

A photovoltaic generation model is proposed, enimgnc

it by considering the reduction in solar panel teragure.
When comparing a mathematical model with one based
on environmental data, it is found that the matherah
model underestimates the cooling capacity of qudaels

by 54%. This translates to a 9% increase in energy
generation capacity.
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Fig. 6 Comparison between mathematical model and variable cost increases in year 20 due to the simtuof

Machine learning model. decommissioning costs in this parameter.
Basgd. on the cpnstraints a}nalysis, the only limitin Composition of OPEX
restriction for the implementation of offshore sofdants Lo

is bathymetry. Both wave height and current falthivi 30%

suitable ranges for installation, with a wave heitgss g0

than 4 meters and a current less than 1.5 [m/gdas 60%
Copernicus information. From the above, it is irddrthat o
the total potential of this technology is deterndiri®y the 30%
feasible area corresponding to the bathymetricilpréFhe o I I I I | | I I I I | | I I I I | | I
total potential of this technology is estimated6@t GW, 0%
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surpassing the geothermal and onshore wind poteoftia
the country [3][4].
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B) Comparative analysis of generation compared 10 Fjg g Composition of OPEX.

onshore plants:

Energy generation is compared in different locaion gy | cOE analysis for different levels of installed
including the sea, land near the coast, and thertdeghe capacity:

sea-based plant shows a 7% increase in generation

compared to the coastal plant, while the deseritpias a The Levelized Cost of Energy (LCOE) is evaluated fo
14% increase, albeit with associated challenges. different levels of capacity, showing a decreaseGOE
, . , with an increase in installed capacity.
C) Analysis of CAPEX based on installed capacity: For low levels of capacity the behaviour is shovied
Fig.9.
For this case, the CAPEX value of offshore solawgro g Installed Capacity and LCOE Relation from 1 to 5 MW
plants is considered based on the installed capdadiis is 0.16
because the composition of CAPEX allocates a larger
portion of its costs to those variables dependentthe
power level, such as the quantity of modules, nmy;i e
and solar panels. However, factors like the disainam =
the coast or the distance to the connection pevhich Z 0121
contribute directly to the cost of onshore and lujfe a
cabling, are not considered. g
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Fig.7 Proportion of CAPEX elements by power level. . , ) .
For higher levels of installed capacity, the bebans

detailed in Figure 10.

From the previous graph (Fig.7), it can be apptedishat el caradiyand T TEOE raiG

the investment cost is strongly influenced by thst of
floating modules, followed by the number of panelsd
finally, by the quantity of required moorings.
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D) OPEX analysis based on project operation year:
It is important to note that for different powewdds, the =
proportion of components comprising the OPEX do&s n
change significantly. OPEX components include \#Hea
and fixed costs. On the other hand, depreciatiod an
interest on the credit are not considered as theyraated
as financing costs. Regarding depreciation, itl$® anot
considered since it is not related to the core amral S .
activity. In terms of costs, fixed costs remain stamt P 5 B w h B o 4 e
throughout the lifecycle, while variable costs teth to Installed capacity {MW)

structure maintenance and part replacement areadpre Fig.10 Installed capacity and total LCOE ratio.
across the materials lifecycle. It is noteworthwttithe

LCOE(USD/kWh)
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In Figure 10, the behavior of the LCOE for highevdls of
power from 1 MW to 200 MW is shown. In this cade t
lowest levelized cost is achieved with an instattegacity
of 200 MW, with a value of 0.0674 USD/kWh

F) Comparative analysis with other technologies:

To carry out this analysis, cost information forsbare
power plants is used, obtained from the IRENA repdr
2019. This report provides a breakdown of costs)8§D
per installed capacity, allowing the modelling oAREX
costs for different power levels. Based on thislysis, it
is found that for power levels below 20 MW, onshore
technology has lower installation costs, while Fogher
installed capacities, the CAPEX is lower for thegrsed

offshore power plants as shown in Figure 11.
Comparative CAPEX
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Fig.11 Comparative CAPEX.

G) Analysis of results NPV, IRR, and Payback:

To obtain the NPV of different projects based oe th
installed power level, the distance to the coaseisat 10
km, the distance to the onshore connection poisetsat

10 km, and the selling price of energy is set &50.
USD/kWh, assuming a PPA contract, so that the NPV
depends only on the installed power level. Theotfeihg
results are obtained with this approach.

It can be observed in Figure 12 that for power Ieve

between 1 and 7 MW, the NPV result is negative.
i
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Fig.12 Power installed vs VNA.

This is supported by the assumed PPA price beitmpbe
the LCOE, so the project returns are not sufficitmt
cover the expenses. On the other hand, the NP\édser
is not constant due to the significant impact oé th
number of modules on the investment cost. For el@mp
1 MW and 2 MW plants use a single module; the
difference is that the 1 MW plant completes halftlod
structure, while the 2 MW plant completes its egitir
resulting in higher generation, which reflects ineas
negative NPV. It should be noted that it is notbléato
analyse the IRR for this scenario, given that tHeVN
results are negative, as well as the payback pesiwthe
investment is not recovered.

H) Sensitivity analysis:

For the sensitivity analysis, conducted through s@y
Ball, the probability of positive NPV results isgpided

by adjusting certainty to consider positive valu&stoss
1,000 simulations under various scenarios of input
variables, it is observed that the NPV is positine
38.53% of the cases studid@mphasizes that the mean is
in an unprofitable NPV, while the average standardr

is deemed plausible for the NPV magnitude.

The most significant correlation with NPV behaviasr
associated with the selling price of energy, denratiag

a direct relation and a high correlation value 40 It
should be emphasized that the influence of gemerati
and energy price has a considerably more substantia
impact on variance compared to cost-related faclis
underscores that the profitability, in terms of NP¥
heavily contingent on both the set energy price toed
approximation of the generation model.

4. Conclusion
Based on this study, the following conclusions ¢en
drawn:

Regarding the development of the generation mdtlel,
demonstrates that a decrease in the panel temperatu
dependent on radiation and ambient temperature can
improve generation by 7% compared to a panel under
similar conditions but installed on land. Meanwhite
solar panel with similar characteristics installi@dthe
desert compensates for the temperature loss fdatto

an increase in radiation levels. However, it iscepsible

to failures due to inverter overheating, insulatioalting,

and greater losses due to soiling effects. Finally,
comparing the model with the UDC's machine learning
proposal shows a 54% decrease compared to thenturre
study's model. This is a result of considering ety
wave height, and wind in the temperature calcuatio
translating into a 9% improvement in generation.

In terms of economic indicators, it can be said,tia
CAPEX terms, the most significant cost is that lof t
modules, while for OPEX, fixed costs and varialbbsts
maintain approximately the same proportion forediht
levels of installed capacity. Compared to other
technologies, CAPEX begins to be similar for power
levels above 50 MW.



Regarding the economic indicators of NPV, IRR, and
Payback, the NPV of projects at different powerelev
under the assumption of a PPA contract with angner
selling price of 0.05 USD/kWh presents negativeiltesn

all cases. Therefore, the analysis of IRR and palyldaes
not provide meaningful information for the analysis

With respect to the values obtained for NPV throtigh
sensitivity analysis, it can be observed that thergy
selling price is the main parameter affecting thBWN
outcome, with a correlation of 0.94. Therefore, a
significant portion of the NPV results can be ekpdal
based on the price variation. On the other handerggion
is the second parameter with the most significaraict
on NPV. From this, it can be inferred that the eooit
profitability of a project of this nature dependsn@on the
behaviour of revenue-generating variables than lom t
variation in investment and OPEX costs.

The energy production through offshore solar tetdmo
presents several advantages that can eventuallye ritak
competitive in the long term. These include envinental
characteristics that improve generation, a decrdase
soiling, and the ability to bring generation zomésser to
consumption areas. Additionally, Chile has a coitipet
advantage in terms of both solar resources anchiaih
expertise in floating module installation, thanks the
aquaculture industry.

Furthermore, this study demonstrates that at reghl$ of
installed capacity, the LCOE is competitive witthet
renewable technologies, and installation costsesam be
lower than those of wind and conventional solar
technologies on land. In terms of installation ptitd,
offshore solar technology shows promising figures
compared to onshore wind and conventional solar.
Ultimately, the proposed technology can be vialtlbigh
power levels due to its competitive levelized cost
compared to other renewable technologies and the
technical advantages it may offer.
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