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ABSTRACT

Accurate estimation of evaporation from open water bodies is crucial for sustainable water and energy
management, given pronounced seasonal variability and water scarcity. Therefore, the evaporation rate
and the performance of seven traditional evaporation estimation models and three ensemble models are
assessed at different locations in Northern Cyprus. The results show that the monthly observed
evaporation values range from 52.7 to 250 mm. Moreover, it is found that while all methods follow the
seasonal pattern of evaporation, there are large differences among them in magnitude. The Penman series
models tend to overestimate evaporation, particularly in summer, whereas simpler temperature- and
radiation-based methods underestimate peak values. Bayesian Model Averaging (BMA) achieves the best
performance, yielding R? values of up to 0.997 and reducing RMSE by 30%-45% across ensemble models.
Furthermore, the current study aims to assess the techno-economic and environmental viability of small-
scale Floating Photovoltaic (FPV) systems on the lakes at Near East University. The results show that
higher surface coverage and East-West (E-W) oriented bifacial panel configurations maximize energy
generation and improve economic performance while significantly reducing CO: emissions. Consequently,
a promising avenue for FPV systems toward integrated water-energy sustainability solutions is
highlighted.
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I.  INTRODUCTION

A. Background

The process by which water molecules on the surface of a
body of water change from liquid to a gaseous state is known
as evaporation. It is a component of the hydrological cycle,
with important consequences for water resource management
[1], climate change research [2, 3], and ecosystem function [4].
The sustainable social and economic advancement of every
nation depends on reservoir water supplies. Resources from
reservoirs are essential to the long-term social and economic
advancement of every nation. Due to the vast open-ocean area,
a significant amount of water evaporates annually [5].
Accurately measuring evaporative water loss in reservoirs is,
therefore, crucial for managing and using water resources. It
can offer basic information and a foundation for protecting
water resources [6].

The dynamics of reservoir evaporative water loss depend
on both the water surface area and the evaporation rate.
However, most current research has focused on variations in
the evaporation rate rather than on overall evaporation loss [7].
Reservoir evaporation loss may not be accurately represented
by evaporation rates alone, particularly in those reservoirs
where floodwater use typically causes significant changes in
water surface area. Most studies estimating evaporation losses
from reservoirs focus on either large scales (such as the globe
or a nation) or point scales (such as an experimental site) [8].
Large-scale studies provide an understanding of terrestrial
water surface evaporation at global and national levels.
However, the spatiotemporal resolution of such estimates is
relatively low, and thus, rapid changes in water surface area
and their associated impacts on reservoir evaporation are
overlooked. The water surface of a reservoir can change within
a few days, which may have considerable impacts on
evaporation estimates [9]. Experimental site-scale research
yields more precise data; however, data collection is difficult,
and such data can only provide limited information on whole-
reservoir-scale evaporation [10]. Therefore, to obtain more
detailed and continuous evaporation information from the
reservoir, high-resolution spatiotemporal data on reservoir
surface area and evaporation rate are required [11]. Various
methods have been successfully applied to estimate water-
surface evaporation rates, including the Pan evaporation
method [12], the Eddy Covariance (EC) method [13], the
Bowen Ratio Energy Budget (BREB) method [14], the mass
balance approach [15], and the Penman equation [16].

One recent innovation in solar power production is the
installation of Floating Photovoltaic (FPV) systems on water
bodies [17]. The FPV system involves installing solar PV
modules on a buoyant surface that floats on water storage
structures, including ponds, lakes, reservoirs, and wastewater
basins [18]. Installing FPV systems in open reservoirs will not
only generate electricity but also lower evaporation by
shielding the water's surface from direct sunlight [17,18]. The
techno-economic viability of FPV systems at different water
bodies has been assessed. Authors in [19] evaluated the
economic performance of FPV on Bangladeshi university
campuses to offer clean energy and address economic

concerns. Authors in [20] investigated the techno-economic
feasibility of an FPV plant at the Neel-Nirjan Dam in India.

B. Research Gap and Aim of the Study

In arid and semi-arid areas, reservoirs lose a significant
amount of water. These water losses must be accounted for in
water resource management, as they significantly affect the
regional water balance. Evaporation and transpiration processes
in Northern Cyprus have received considerable attention in the
literature due to the region's severe water loss and high water
demand. Authors in [21] found that the annual evaporation rate
was 2220 mm based on Class A Pan readings. Authors in [22]
emphasized the importance of accurate evaporation
measurement and its application to sustainable groundwater
and water resources in ecologically sensitive systems.
According to [23], a significant upward trend in potential
evapotranspiration was also shown, particularly during dry
periods, in regions where water resources are deteriorating, and
evaporation is pronounced. Authors in [24] assessed the
potential for FPV for evaporation and renewable energy
production in Northern Cyprus using a satellite dataset. They
found that annual Water Savings (WS) at 100% coverage can
amount to 6.21x105 m* compared to 0 m? in the absence of PV
panels. Thus, it is concluded that the comparison of different
methods of evaporation estimation and the use of ensemble
models to assess their effectiveness against measured
evaporation across different regions of Northern Cyprus has not
been addressed in the literature. Therefore, the present study
aims to evaluate the performance of eight evaporation
techniques (Priestley—Taylor, Penman Monteith, Makkink, de
Bruin—-Keijman, Mass transfer, Blaney-Criddle, de Bruin, and
Hamon) utilized to estimate the monthly evaporation from four
regions (Giizelyurt, Girne, Gazimagusa, and Lefkosa)
distributed in Northern Cyprus. Additionally, three multi-
model ensemble approaches (Median Ensemble, Weighted
Ensemble, and Bayesian Model Averaging) are utilized to
estimate evaporation and minimize uncertainties associated
with individual models (evaporation techniques). Hence, this
paper reports a preliminary analysis of the potential to use the
best technique, comparing it with available measured data for
the selected regions for the first time. Moreover, in alignment
with Sustainable Development Goal 7, this study provides a
systematic method for assessing the feasibility and
effectiveness of small-scale FPV in a water reservoir. To
achieve this goal, this study focuses on a specific case
involving the reduction of CO; emissions and the generation of
greener energy on a university campus. Three different floating
PV system scenarios are considered in this study. To capture
sunlight from both the front and rear sides of the panels,
bifacial solar panels are used in both vertical and tilted
configurations.

II. MATERIALS AND METHODS

A. Study Area

Cyprus, the third-largest island in the Mediterranean (9,251
km?), is situated in its eastern basin and has a typical
Mediterranean climate with distinct seasonal fluctuations. The
hot, dry summers, which last from mid-May to mid-September,
are dominated by stable high-pressure systems extending from
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Central Asia. As a result, the temperature rises, and the sky is
nearly clear. The winter months, from early November to mid-
March, which are influenced by a sequence of Mediterranean
depressions traveling eastward, receive most of the annual
rainfall. Table I shows the geographic information of the
selected regions.

SR kWh/m?/day]

TABLE L. SUMMARIZATION OF REGIONS ADOPTED IN
THE CURRENT STUDY
Region Latitude [°'N] | Longitude [°E] Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Giizelyurt 35.2 32.9 A
Girne 35.3 334
Gazimagusa 35.3 33.8
Lefkosa 35.2 334

[/s]

B. Climate Parameter

Monthly meteorological information for the selected region
(Lefkosa, Gazimagusa, Girne, and Giizelyurt) was collected
from 1982 to 2023 using the NASA POWER dataset and is
illustrated in Figure 1. The meteorological data were obtained
from NASA [24]. The actual evaporation data from the o0 Feb Mar Apr May km Sl Aug Sep Oct Mov Dec .
Meteorological Department station in Lefkosa were then
compared with these estimates.

5155

C. Evaporation Estimation Approaches

A key element of the hydrological cycle, water resource
management, and future planning is evaporation (E). The
successful operation of the dam system depends on the precise
estimation of reservoir evaporation [25]. To estimate water-
surface evaporation rates, this study employs various methods.

D. Multi-Method Ensemble for Estimating Evaporation Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

A multi-method ensemble combines the results of multiple
evaporation estimation models into a single, more reliable and
accurate prediction than any single technique. These
approaches are frequently employed in hydrological,
evaporation, and climate-related studies since individual
models may have biases, structural limitations, or site-specific
deficiencies.

1) Median Ensemble (ME)

ME is one of the simplest and most dependable methods.
The ME output is generated by using [26]: RO TR NS ADKINE N RN AR Sep L R e s

Eyg = Median(E, ;,E;, E3; ... Ey ;) (1) 80 -
. . . 70
where N is the number of models used for estimating 60 .
evaporation (E). ag |
2) Weighted Ensemble (WE) % 40 -
One of the basic WE methods for combining model 30 4
simulations assigns each model a numerical weight that reflects 20 1
its relative reliability or skill [27]. Weighted ensembles give 10 1
greater influence to high-performing models, e.g., those with 0 -
lower RMSE or higher NSE, to improve prediction robustness Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
while reducing bias [27]. The WE output is generated by using: mGaimefsa mGine mGzehut iLefloga
Enp = Lt WiE; ©) :
Fig. 1. Monthly variation of climate data.
_ _ NSE 3)
Wi = N | NSE; (
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TABLEIL METHODS USED FOR ESTIMATING
EVAPORATION
Method Equation
iestley—T: A (R, —A
Priestley—Taylor E—ua- ( n Q) D
A+y\ Apy

9

Penman Monteith 0.047 AR, +y —2 . U, (e, — €,)
E =

T+273

A+y-(14+0.34-Uy)

Makkink E=061——"-—-0.012

A+y A
de Bruin— E= A (Rn - AQ) D
Keijman 0.85-A+0.63-y\ 1p,

Mass transfer E =10-[NU,(e; — e)]

n
Blaney-Criddle | E = 25.4(0.0173T, = 0.314)T, 7 —

TA
. _ a y \(2.9+2.1U,)(es — e)
de Bruin E = 1025 () (A - y) e
Hamon 358 K N-e,
T +273.3

a: Priestley—Taylor empirically derived constant, dimensionless (@ = 1.26)

py: density of water (1000 kg m~)

R,: the net radiation [W/m?]

AQ: the heat storage change in the water body [W/m?]

y: Psychrometric "constant" (depends on temperature and atmospheric

pressure) [Pa°C™1]; y = 0.665 x 1073 - P

P: Atmospheric pressure [kPa]

e: saturated vapor pressure at temperature of the air [kPa]; e; = % :
17.27Tmax 17.27T min

[0'6108 "exp (Tmax+237.3) +0.6108 - exp (Tmin+237.3)]

e,: vapor pressure at temperature and Relative Humidity (RH) of the air
H

[kPa]; e, = <= e

A: the slope of saturated vapor pressure—air temperature curve [kPa/°C)
A: the latent heat of vaporization (2.45 X 10° J/kg)

RH: Relative humidity [%]

T,: Mean air temperature in °C

Dy 4; Total annual hours of daylight

n: Actual duration of sunshine in h

3) Bayesian Model Averaging (BMA)

BMA is a probabilistic ensemble method that combines
multiple model outputs, weighted by posterior probabilities,
which reflect the likelihood that each model is correct given the
observed data [28]. Unlike simple or weighted averages, BMA
explicitly incorporates model uncertainty by treating the
ensemble prediction as a mixture of probability distributions,
each model contributing according to its calibrated likelihood.
BMA has gained wide acceptance in hydrology and
environmental forecasting because it produces probabilistic
predictions,  quantifies uncertainty, and outperforms
deterministic ensembles when inputs are uncertain [28]:

N _exp@)
1L ey

(a; + b;E;) 4)

Epma =

where [;: log-likelihood of model i.

The line of best fit between measured ( Epeqsureq) and
estimated (Eogtimateq) 1S developed as (5) to get the slope (a)
and intercept (b):

Eestimateai = & + biEmeasurea )

E. Basics of Indices Affecting Ranking Method Decision
Making
It is significant to use a variety of metrics to measure errors
while assessing the prediction ability of the developed models.
The mathematical equations of the metrics used are:

2
Zln=1(aa,i_ap,i)

R2=1-— 6
2?=1(ap,i_aa,ave)2 ( )
1 2
MSE = J;Z?=1(aa,i — ;) ©)
1
MAE = -3 |ag; — ap| ®)

where n is the number of data, a,; is the predicted value, ag; is
the actual value, a, 4y, is the average actual value, and i is the
number of input variables.

F. Case Study

The enhanced PV module efficiency, along with reduced
evaporation, represents one of the main advantages of floating
PV systems. Additionally, this study assesses the performance
of several scenarios for floating PV systems in Northern
Cyprus, considering the country’s goals for renewable energy
exploitation. The lake of Near East University, with an area of
8040 m2, is selected as the case study, as displayed in Figure 2.
Near East University is located in the Mediterranean climate
zone, which is characterized by hot, dry summers and warm,
rainy winters. It is approximately situated at latitude 35.2295°
N and longitude 33.3785° E. The monthly variation of
meteorological parameters including wind speed, RH, Average
temperature (Tave) and Horizontal Solar Irradiance (HIS) is
depicted in Figure 3. Water losses due to climate conditions
were estimated between 1982 and 2023 using the NASA
POWER dataset.

For FPV systems to be effective, long-lasting, and
adaptable to various water bodies, the structure and layout are
crucial. In this study, three distinct floating PV system
scenarios are considered, as portrayed in Figure 4.

In the FPV system, presented in Figure 4, bifacial solar
panels are used in both tilted and vertical orientations to
capture sunlight on both the front and back sides of the panels.
In the case of the tilted bifacial photovoltaic panels, the
primary mechanism for sunlight reception is through the direct
striking of the sun’s rays, and it also makes use of the reflected
irradiance from the water body’s surface. This design will also
positively impact aquatic life. The effect of shading created by
the floating system will prevent excessive heating of the water
during hot months. This will result in higher dissolved oxygen
levels in the water and provide a stable habitat for fish and
other aquatic life. Secondly, shading will prevent excessive
algal growth in the water. This will be beneficial in maintaining
good levels of water quality.
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Fig. 2.
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Fig. 3. Monthly variation of weather parameters at the lake of Near East
University.
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Fig. 4. Lake of Near East University, Northern Cyprus.

The estimated hourly energy output of the floating solar
photovoltaic plant will depend on the orientation of the solar
arrays. This will include both North-South (N-S) and E-W
oriented arrays. For E-W orientation, energy production will be
equal in the morning and afternoon, while the N-S orientation
will maximize energy production during peak sun irradiation at
midday. Based on these two options, the plant's performance
can be optimized either for maximum energy production or for
uniform hourly energy output. Furthermore, the row spacing is
fixed at 3m to avoid shading between the rows, especially in
the mornings and afternoons. This row spacing is set to ensure
that the tilted and vertical bifacial surfaces of the photovoltaic
modules receive adequate levels of direct and reflected
irradiance. The row spacing, together with the orientation of
the photovoltaic modules, is crucial to minimizing energy
losses due to shading. Additionally, it maximizes bifacial gains
from reflections off the water surface.

In this work, the proposed system's energy production is
estimated using the System Advisor Model (SAM) software.
With the software, users can simulate the energy production of
mono-facial and bifacial photovoltaic systems, accounting for
different system configurations and geographical conditions.
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Moreover, WS due to FPVS installation are estimated for
four different Covering Ratios (CR) of the lake's surface using
[29]:

WS = Emoneniy X CR % 0.7 )

The lake's surface area, as determined using Google Earth,
was approximately 8,040 m2. The performance of the proposed
system was assessed, in this study, using Capacity Factor (CF),
Levelized Cost Of Energy (LCOE'), Simple Payback Period
(SPP), and Greenhouse Gas Reduction (GHGg)[24]:

EP [kWh)

CF = SC [kW]XNHXND (10)
ZITYZOC_nn

LCOE = =~ (1)
n=1(1+r)1

SPp = Investment cost (12)

Annual Saving

GHGgr = (Annual energy generation X
Emission factor) — (Annual energy egneration X
CO, per KWh) (13)

where EP is the energy production from the developed system
[kWh], SC is the capacity of the system in kW, NH is the
number of hours, ND is the number of days, C, is the annual
project cost in n years, Q,, is the electricity generated by the
system in n years, N is the analysis period in years, r is the
discount rate, GHGy is the net CO, emission reduction in kg
CO2, and CO, per KWh (0.048 kg CO2/kWh according to
Intergovernmental Panel on Climate Change (IPCC), Fifth
Assessment Report (ARS).

III. RESULTS

A. Evaporation Results Using Various Methods

Gazimagusa's evaporation data, as illustrated in Figure 5,
demonstrate a typical Mediterranean seasonal pattern: low
during winter, rising quickly in spring to a peak in midsummer,
and dropping gradually in autumn. In winter, the measured
values range from 52.7 mm to 250.1 mm in August. All
estimating methodologies mimic this seasonal cycle but with
considerable variance in amplitude and precision. As shown in
Figure 5, the Penman equation consistently yields the highest
estimates of evaporation, exceeding the measurements, often
more than double in many instances during spring and summer.
This implies that Penman may be highly sensitive to the
region's high solar radiation and dry summer conditions,
overestimating actual surface evaporation when available water
is limited. The Priestley-Taylor and Hamon methods also
overestimate evaporation compared to observations, although
less so than Penman's method. Its high values during summer
may reflect its reliance on radiation-dependent processes,
which are prevalent under the hot and dry conditions in
Gazimagusa. In contrast, the Makkink and Blaney-Criddle
methods tend to underestimate evaporation during winter and
spring. These simpler models, constrained by temperature or
radiation, appear to capture the seasonal trend but not its
magnitude, perhaps due to insufficient representation of
aerodynamic or humidity effects. Also, the mass transfer
methods, de Bruin and de Bruin-Kijman, yield average results

and are closer to the measured values in some months.
However, their performance was uneven, with lower-than-
expected ratings in some months and slightly higher ratings in
others.
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Fig. 5. Monthly variation of measured and estimated values of
evaporation for all locations.
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Fig. 6. Monthly variation  of measured and estimated values of
evaporation using ensemble methods.

B. Evaporation Results Using Ensemble Methods

Figure 6 compares the measured evaporation with the
results from three ensemble estimation methods (Weighted,
Median, and BMA) for the regions of Gazimagusa, Girne,

Giizelyurt, and Lefkosa. It is found that evaporation exhibits
strong seasonal variation, with a minimum during winter
(January-February) and a maximum during summer (June-
August) in selected regions. The maximum evaporation
measured has ranged from 240 to 260 mm in the coastal areas
of Gazimagusa and Girne. In contrast, peak values of 300 to
340 mm are observed in the inland areas of Giizelyurt and
Lefkosa. Moreover, the ensemble estimates closely resemble
the observed data pattern, indicating that these estimates can
effectively capture seasonal variations. Within these ensemble
estimates, the weighted and median ensembles slightly
underestimate the observations, especially during peak
evaporation in the summer. However, the BMA ensemble
performs relatively better at estimating the observed data.
Differences between data observations and ensemble estimates
are relatively small during the winter season but become larger
during the summer evaporation periods, when evaporation
demand is high. These graphs indicate that ensembles,
especially BMA, are a reliable method for estimating
evaporation monthly.

C. Best Method for Estimating Evaporation

In this study, the performance statistics for Gazimagusa,
Girne, Giizelyurt, and Lefkosa provide a comprehensive
assessment of each method for evaporation estimation and of
the ensemble methods, using multiple criteria, including R?2,
RMSE, MAE, and RRMSE, as displayed in Figure 7. Hamon is
a strong performer relative to the individual models, with the
lowest RMSE and MAE values for Gazimagusa and Girne.
Also, the Penman model, which has a very high R? (>0.96), has
an extremely high RMSE. This is similar to these locations for
deBruin-Keijman. I found that BMA performs excellently for
Gazimagusa and Girne, with large R-squared values (=0.987)
and small RMSE values, indicating superior reliability
compared to the individual techniques. For Giizelyurt, the
model becomes less accurate, representing the more intricate
climate of the interior. The best model is Hamon (R2=0.954,
RMSE=54.679 mm, and MAE=43.480 mm), while the BMA
model performs the best (R?>=0.997, RMSE=62.259 mm, and
MAE=47.314 mm), significantly improving upon the other
techniques. In the case of Lefkoga, the best single model is
Hamon (NSE = 0.564); however, the best-performing BMA
model achieves the highest R?, the lowest RMSE, and the
lowest MAE among the ensemble methods. In general, the
results indicate that although individual methods such as
Hamon perform well in particular areas, the best-performing
method is, without a doubt, the ensemble method using BMA,
as it combines various model-estimation techniques, helping
reduce bias and uncertainty.

D. Water Losses and Savings

Table IIT lists the monthly variation in water loss due to
evaporation and the WS that are realized under various FPV
surface coverage scenarios (0%, 45%, 60%, 75%, and 100%).
Under the baseline case without FPV surface coverage (0%),
the annual water loss due to evaporation is 13,325.54 m3, with
the highest water loss occurring during the summer season in
July and August at 1831.58 m3 and 1718.32 m3, respectively,
due to high evaporation demand during hot and dry weather
conditions. As FPV surface coverage increases from 45% to
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100%, the annual water loss due to evaporation decreases
significantly across all months. For 45% FPV surface coverage,
the annual water loss decreases to 9127.99 m3, resulting in an
annual WS of 4197.54 m3. Also, the annual WS are 5596.73 m3
and 6995.91 m3, respectively, for 60% and 75% FPV surface
coverage scenarios. For 100% FPV surface coverage, the
annual water loss due to evaporation is significantly reduced to
3997.66 m3, resulting in an annual WS of 9327.88 m3 or 70%
compared to the uncovered case.

R-squared [-]

©CO00000000
oRNWBEULON®

RMSE [mm])

m Gazimagusa wmGirne

m Guzelyurt wmlLefkosa

Fig. 7. Monthly variation of climate data. Values of various metrics for
measuring the performance of the models.

E. Performance of the Proposed System

The technical performance of the proposed grid-connected
photovoltaic system has been evaluated across a variety of
scenarios for covering the lake's surface at a chosen site. One of
the most effective solar modules, the Bi60-362BSTC (module
efficiency = 21.7%), was used in this study, along with a

central inverter with a nominal efficiency of 98%. Table IV
presents a comparison of the techno-economic and
environmental analysis of three types of FPV system designs
(Design #1, Design #2, and Design #3), with varying surface
coverage ratios (45%, 60%, and 75%) and array pointing (N-S

and E-W).

TABLE III. MONTHLY WATER LOSSES AND SAVINGS
Month Covering percentage of the Area

0% 45% 60% 75% 100%

Jan 485.63 152.97 203.96 254.96 339.94
Feb 569.90 179.52 239.36 299.20 398.93
Mar 851.59 268.25 357.67 447.09 596.12
Apr 1136.57 358.02 477.36 596.70 795.60
May 1448.56 456.29 608.39 760.49 1013.99
Jun 1675.76 527.86 703.82 879.77 1173.03
Jul 1831.58 576.95 769.26 961.58 1282.11
Aug 1718.32 541.27 721.69 902.12 1202.82
Sep 1394.27 439.19 585.59 731.99 975.99
Oct 1018.00 320.67 427.56 534.45 712.60
Nov 684.89 215.74 287.65 359.57 479.42
Dec 510.48 160.80 214.40 268.00 357.33
WS [m¥] 0.00 4197.54 5596.73 | 699591 | 9327.88
Water losses [m*]| 13325.54 | 9127.99 7728.81 | 6329.63 | 3997.66

The findings reveal that the effectiveness of the FPV
system is significantly affected by the lake surface coverage, as
well as the orientation and design of the solar panel array.
When the lake surface coverage increases from 45% to 75%,
the data demonstrate a significant boost in solar energy
production for all three designs, along with an enhanced
capacity factor, greater economic viability, and improved
qualitative and quantitative measures of environmental impact.
Moreover, in all cases, the overall performance of the solar
panel system in the E-W orientation has been better than its
performance in the N-S orientation, especially at higher levels
of coverage, as the solar intensity in the E-W direction varies
more evenly in the afternoon as well as in the morning. Among
the three designs considered, Design #3 is the best for solar
energy production, with an estimated maximum capacity of
594 MWh at 75% lake surface coverage and the highest CF of
about 23.45%.

TABLE IV. METHODS USED FOR ESTIMATING
EVAPORATION
Covering Design#1 Design#2 Design#3
Parameter | the lake’s
surface N-S | EW | N-S | EEW | N-S | E-W
EP 45% 313 | 258 | 289 | 243 | 362 | 356
[MWh] 60% 417 | 345 | 386 | 324 | 482 | 475
75% 521 | 431 | 482 | 405 | 603 | 594
CF 45% 20.58 | 17.01 | 19.05 | 16.01 | 19.06 | 23.45
[%] 60% 20.58 | 17.01 | 19.05 | 16.01 | 19.06 | 23.45
75% 20.58 | 17.01 | 19.05 | 16.01 | 19.06 | 23.45
SPP 45% 2.00 | 242 | 2.16 | 2.57 | 1.73 | 1.75
[Year] 60% 1.50 | 1.81 | 1.62 | 1.93 | 1.30 | 1.32
75% 1.20 | 145 | 130 | 1.54 | 1.04 | 1.05
LCOE 45% 7.99 | 9.67 | 8.64 |10.28 | 691 | 7.02
[cents/kWh] 60% 6.00 | 7.25 | 648 | 7.71 | 5.18 | 5.26
75% 4.80 | 580 | 5.18 | 6.17 | 4.14 | 4.21
LGHGS 45% 3127 | 2584 | 2894 | 2432 | 3619 | 3561
[kg CO:] 60% 4169 | 3445 | 3859 | 3242 | 4825 | 4748
75% 5211 | 4307 | 4823 | 4053 | 6031 | 5936
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From an economic viewpoint, increased surface coverage
significantly reduces the SPP and LCOE. The payback period
drops to about 1 year at 75% coverage for Design #3. At the
same time, LCOE drops to around 4.2-4.4 cents/kWh,
positioning this configuration as the most economically
efficient one among the options studied. On the contrary,
Design #2 exhibits somewhat higher LCOE values and longer
payback periods, indicating lower economic efficiency. Such
trends confirm the importance of optimized geometry and
orientation towards better financial viability of floating PV
installations.

Regarding environmental performance, the reduction in
greenhouse gas emissions over the structure's life span
increases proportionally with the amount of energy generated.
In this regard, design #3 ensures maximum emission reduction,
exceeding 6000 kg of CO: at 75% coverage, thus highlighting
the potential of such designs in fighting climate change. In fact,
designs ensure substantial environmental gains without

IV. DISCUSSION

The outcomes of this research confirm that the estimation
of evaporation in Mediterranean, water-limited regions is
highly sensitive to the choice of the model. In line with
previous findings indicating substantial differences in
evaporation estimates for arid regions from different
evaporation models, the current results show that while all
methods successfully identify the seasonal trend, their
amplitudes vary considerably [30-32]. Additionally, the
Penman-Monteith model is considered reliable for estimating
evaporation. Still, it tends to overestimate actual evaporation
under water-limited conditions [33-36]. This overestimation is
due to the model's high sensitivity to water requirements under
these conditions, as well as to solar radiation [33-36]. In
contrast, simpler temperature- and radiation-index methods,
such as the Makkink and Blaney-Criddle methods, tend to
underestimate maximum evaporation, primarily because they
are insensitive to humidity and aerodynamic effects [37-39].
Using ensemble methods is a definite improvement over other
methods, thereby supporting the existing literature on the use of
multi-model methods to reduce uncertainty in hydrological
modeling [40,41]. The BMA method performs better in terms
of goodness of fit as well as the error measures, thereby
highlighting its capacity to combine the strengths of various
models. By expanding the application to include renewable
energy, the evaluation of the FPV system confirms that
increasing the solar array coverage area leads to higher energy
production and greater financial efficiency, consistent with the
findings in [24,29]. This study’s results show that designing a
high-coverage, E-W oriented bifacial system maximizes energy
production and reduces the levelized cost of electricity and
carbon dioxide emissions.

V. CONCLUSIONS

This study provided an analysis of conventional and
ensemble techniques for estimating evaporation, and their
implications for implementing Floating Photovoltaic (FPV)
systems in a Mediterranean climate. Although individual
evaporation models yield satisfactory results for seasonal
changes, their outputs vary widely in magnitude, leading to

confusion and uncertainty when estimating water resources and
FPV performance. The results show that ensemble modeling,
particularly Bayesian Model Averaging (BMA), is the most
accurate method for estimating evaporation, thereby greatly
reducing uncertainty. The implementation of accurate
evaporation estimation techniques for FPV systems has shown
that maximum surface coverage and East-West (E-W)
orientation have the greatest impact on energy production, the
levelized cost of electricity, the payback period, and
evaporation mitigation for water resources. These findings have
proven the dual benefits of FPV systems for water resource
management and renewable energy production. Consequently,
the results of this research support the implementation of
ensemble-based evaporation estimation as the best practice for
water-energy planning in Mediterranean and other water-
stressed regions.

VI. LIMITATIONS AND FUTURE WORK

This research has limitations that should be considered
when analyzing the results. Initially, the analysis of evaporation
is based on monthly data, which may not capture short-term
changes or extreme climatic conditions that affect water-energy
interaction. Secondly, the analysis is conducted under
Mediterranean climatic conditions, and the research's
applicability to other climates should be further investigated.
Finally, while the ensemble approach reduces uncertainty
compared to using individual methods, the analysis is limited to
conventional evaporation methods, whereas advanced methods,
including data-driven and physically based methods, are not
considered. Future studies should incorporate higher-resolution
meteorological and remote-sensing data to improve the
accuracy of evaporation estimates, thereby enabling better
planning of water-energy systems. In addition, measurements
of long-term evaporation reduction under FPV installations are
also proposed. In terms of policy, this approach could be
extended to other locations to facilitate informed decision-
making on FPV implementation, thereby enabling climate-
resilient energy planning and water resource management, as
desired by the country’s energy transition policy and
Sustainable Development Goal 7.
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