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1. Introduction

Abstract

This study aims to reveal suitable places where floating photovoltaic-solar power plants (FPV-
SPPs) can be installed on the dam surface using the possibilities of remote sensing (RS) and
geographical information science (GISc) technologies. Past satellite images from Landsat and
Sentinel platforms allow researchers to analyse shoreline changes in the dam surface.
Shoreline extraction is a crucial process for the FPV-SPP to stay afloat despite external
constraints. In this study, changes in dam water levels were determined by classifying 20-year
satellite images and analysing a 32-year global surface water dynamics dataset. The water
surface area was calculated as 1,562.40 ha using the random forest (RF) algorithm and the
normalized differences water index (NDWI) on Google Earth Engine (GEE) cloud platform. In
addition, solar analysis was carried out with GISc using annual solar radiation maps shuttle
radar topography mission (SRTM) data, which directly affects the energy production of FPV-
SPPs. It has been calculated that the solar radiation on the water surface varies between 1,554
kWh/m2-year and 1,875 kWh/m2-year. These calculated values were divided into five
different classes, and it was observed that 88.5% of the dam surface had a very high level of
solar radiation compared to other areas. Higher efficiency will be obtained from the FPV-SPP
to be installed in this region compared to the systems to be installed in other regions. It has
been observed that the radiation values in other parts of the water surface are lower due to
topographic shading. These analyses revealed energy zones with high production potential,
thereby easing the decision-making process for investors planning to establish FPV-SPPs.

important tools in terms of obtaining information about
the change in the dam coastal region [4, 5]. and tracking

Ensuring sustainability of water resources is very
important in environmental, economic, and strategic
terms for humans, animals, plants and the ecosystem [1].
One of the water resources is the dams that produce
hydroelectric energy and at the same time are built to
prevent floods in places with abundant rainfall [2]. The
amount of water in dams changes frequently due to uses
for agricultural irrigation, energy production activities,
and climatic changes. Monitoring these changes is a
necessity within the scope of understanding hydrological
processes and good management of water resources [3].
Remote sensing technology, with its advantages of
continually, rapidly, informatively and dynamically
monitoring the large-scale environment, is one of the

the water dynamics [6]. Changes in physically
inaccessible regions can be quickly, cost-effectively, and
advantageously monitored using medium-resolution
optical images obtained from satellites, such as Landsat
and Sentinel [7].

Rapid population growth and industrial investments
exponentially increase countries’ need for energy.
Approximately 81% of the total energy consumption in
the world is met by fossil fuel resources [8]. The intensive
use of fossil fuels causes the emission of harmful gases
and the deterioration of the natural balance. Renewable
energy systems that transform natural resources into
electrical energy stand out as alternatives to fossil fuels.
Among these systems, solar power plants (SPPs)
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producing electricity from solar insolation are the most
prominent. The conversion from solar to electrical
energy is made by photovoltaic (PV) cells, which have
been used since the 1950s. PV-SPPs comprise many solar
panels, and the total radiation coming to the surface of
the panels directly affects the efficiency of the system [9].
The direct solar radiation and the absence of shadows on
the module surfaces provide maximum efficiency in PV-
SPPs throughout the year. Shading in SPPs installed on
building roofs or facades is generally high due to
environmental factors. It is desirable to place the panels
in the most appropriate position and angle to reduce the
shading effect in collecting solar insolation [10].

SPPs can be installed on marginal agricultural lands
[11], roofs [12, 13] or hydrographic surfaces, such as
seas, lakes, dams, and canals [14, 15]. In floating PV (FPV)
plants installed on the water surface, the environmental
impact causing shading is reduced, and more solar
radiation is used. Moreover, FPV-SPPs generate more
energy than terrestrial systems, as they reduce the panel
temperature of water [16]. The panels that cover the
water surface also reduce the amount of evaporation,
prevent sunlight from penetrating deep, reduce algae
growth, and keep the water clean [17]. Particularly, FPV-
SPPs aiming to make idle water surfaces usable for
energy production are used in several countries, such as
the US, Australia, Japan, China, South Korea, Brazil, and
India [18].

Hydroelectric power plants (HPPs) are one of the
most suitable surfaces for FPV-SPP installation due to the
existing electrical energy infrastructure. However, the
dynamic water level of dams can cause radical changes in
shoreline boundaries. In this case, the FPV plant, which is
planned to float continuously, may go aground and its
electrical efficiency may decrease. Also, sharp rocks
below the water level in the reservoir may rise to the
surface with the withdrawal of water and damage the
panels. To prevent these problems, the plant’s design

should be made by considering in advance the
possible changes in the dam boundaries [19]. These
changes can be determined from evaluations made from
the past to the present.

Energy efficiency for FPV-SPPs installed on water
surfaces is usually calculated by ignoring the shading
effect [20]. However, the topography of the land around
the dam and other artificial elements in the area can
create a shading effect on the water surface throughout
the day. Various software developed to process
geographical data includes analysis tools that gauge the
amount of shading in a region during the day. For
instance, hillshade analysis tools of geographical
information system (GIS) software can be used to
determine the shading effect. Solar analysis tools that
consider the shading effect can be used to calculate solar
radiation values for a given geographical location in
certain periods [21]. Topographical factors such as
differences in elevation and slope changes that make up
the terrestrial shapes in the region are the main factors
used in calculating the amount of shading and solar
radiation [22].

RS and geographical information science (GISc)
technologies include highly effective tools for monitoring
water dynamics and changes in surface boundaries,

shading, and solar radiation analysis from past to present
[5]. In this study, the minimum limits due to the
reduction in dam waters were determined by supervised
classification using Landsat-5 Thematic Mapper (TM),
Top of Atmosphere (TOA), Landsat-8 Operational Land
Imager (OLI), and Sentinel-2 Multi-Spectral Instrument
(MSI) L2A satellite images. The small islets formed from
sharp rocks, which prevent the installation of FPV-SPP on
the water surface, have emerged with the withdrawal of
the dam water. These islets, whose positions and
geometric shapes cannot be easily detected with
traditional terrestrial surveying methods, can be easily
detected by RS from the classified images. The water
dynamics in this study area were extracted from the
dataset created by Pekel et al. [6] using 32-year Landsat
images. The calculated dam boundaries and water
dynamics relationships were then compared. Later, an
annual solar radiation map was created using the ArcGIS
solar analysis tool. The area on the dam water surface in
the prepared annual insolation map is classified
according to solar energy potential. This study revealed
the importance of RS and GISc opportunities in the
facility of FPV-SPPs.

1.1.Literature Review

Water dynamics and surface boundary changes can
be determined by pixel-based classification techniques
using Landsat and Sentinel images [23]. There is various
commercial software, such as ENVI, ERDAS, and
eCognition, that can run supervised and unsupervised
classification algorithms. Also, Google Earth Engine
(GEE) platform, which can process big data and work in
the cloud, is frequently used in pixel-based classification
studies.

It is possible to determine the changes in large water
masses up to 40 years with RS. However, computer
systems with a powerful CPU and enough storage space
are required to download and process many satellite
images taken periodically. The long-term analyses
conducted contribute to additional costs in the project
budgets [24]. To eliminate this disadvantage today,
Google has developed the GEE platform to map large
areas of human settlements, analyse past changes and
constantly update current estimates [25]. Operating in a
cloud environment, GEE can simultaneously and easily
access all the archives of Landsat and Sentinel images
[26]. The GEE application interface allows development
with JavaScript and Python scripting languages to access
and analyse petabytes of data [27]. GEE is an effective
platform for determining water dynamics, investigating
temporal changes in water bodies, and monitoring
seasonal changes [28]. Pekel et al. [6] analysed 32 years
of water dynamics between 1984 and 2015, using more
than three million Landsat images on a world scale with
GEE. Chen et al. [29], Wang et al. [30], Xia et al. [31], and
Deng et al. [32] have used GEE for making lake maps in
China, determining maximum and minimum water
coverage, and monitoring water surface changes.
Nguyen et al. [33] performed a fully automated water
surface extraction for New Zealand using Automated
Water Extracting Index derived from Landsat-8 OLI
images on the GEE platform. Jena etal. [34] and Bietal.

64



International Journal of Engineering and Geosciences- 2023, 8(1), 63-75

[35] used the GEE platform to detect the seasonal
variation of water surfaces.

It is vital to determine the appropriate locations
where panels can be placed for FPV-SPPs to be installed
on the water surface. Surface boundaries should be
monitored in the long term for SPPs to be established,
especially in dams, where water dynamics change
rapidly [19]. Today, FPV systems are used less often than
terrestrial PV systems. For this reason, an adequate
academic examination of the issues facing the use of the
FPV-SPP plant has not been established. There are quite
a few studies where shading analysis is performed on the
surfaces where they are installed due to the shading
effect of PV systems to be installed on terrestrial surfaces
[13]. For systems to be installed on marginal agricultural
lands, many criteria, such as proximity to the road and
transformer centre, land use, and topographic features,
are considered. Approaches such as Multiple-Criteria
Decision-Making [36] Analytic Hierarchy Process [37]
and Artificial Neural Networks [38] are used to
determine the effects of these criteria. Enough work has
not been done to investigate the effect of shading on
water surfaces in the installation of FPV systems. Song
and Choi [20] performed a shading analysis using a
digital elevation model with a fish-eye lens camera in a
mine lake in Korea. Sahu et al. [39] suggested using RS
and GIS-based techniques to increase the efficiency
potential of FPV projects. Kumar [40] aimed to find the
solar energy potential for the southern part of India
through the application of different solar radiation,
geology, topography, atmospheric conditions, slope, and
geospatial technology. Abid et al. [15] In the 2MW FPV
system in India, the shading of artificial elements around
the lake was considered. However, determining the
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water surface boundaries where an FPV-SPP will be
established and locating the facility in the region where
the highest efficiency will be obtained is vital for
researchers and investors.

2. Method
2.1.Study Area

This study was conducted in the Demirkoprii Dam,
which is in Manisa Province in the southwest of Turkey,
which was put into operation for irrigation, flood control,
and energy production in 1960 (Fig. 1). Demirkdprii Dam
is fed by the Demirci Stream from the north, Gediz River
and Delinis Stream from the East. The topography
around the dam is in a wavy form, and this region is
covered by oak forests, farmlands and bare lands. The
area and water volume of the dam, which is the earth’s
body fill type, are 3,000 ha and 4,300,000 m3,
respectively [41]. The irrigation of 99,220 ha of
agricultural land in the region is carried out from the
Demirkoprii Dam. A Hydro-electric Power Plant (HPP)
with a 69 MW generating 193 GWh of electrical energy
annually has been installed on the dam. The dam
boundaries and water volume often vary depending on
irrigation uses, electricity generation, and seasonal
transitions. Agricultural irrigation activities are
performed annually in the region from the beginning of
August to the end of October. Concurrently, the amount
of evaporation increased due to hot climatic conditions
in the region between July and November. During this
period, the water level usually dropped below average.
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Figure 1. Location of the study area: Demirkoprii Dam
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2.2.Process steps in the article

In this study, changes in water surface boundaries
and annual total solar insolation values were calculated
based on the amount of shading on the water surface.
These changes were then classified to determine the
appropriate regions for the FPV-SPPs to be installed on
the surface of the Demirkoprii Dam. Changes in dam
boundaries have been studied using two different
methods. First, based on classification processes
performed on images taken from satellite platforms.
Second, the water surface changes in the dam area were
monitored based on the surface water dynamics analysis
proposed by Pekel et al. [6]. The analysis study was
conducted using 3,066,080 images obtained from
Landsat - 5 (TM), Landsat - 7 (ETM +), and Landsat - 8
(OLI) satellites covering the years 1984-2015. Landsat
images have a temporal resolution of 16 days and a

spatial resolution of 30 m. The constellation Sentinel-2A
and Sentinel-2B together have a temporal resolution of 5
days. Sentinel satellite images provide data with 13
spectral bands, 12-bit radiometric resolution, and spatial
resolution between 10-60 m.

The minimum limit for the installation of FPV-SPPs
was determined by evaluating the information regarding
the shoreline changes obtained from these two methods.
Later, a solar insolation map was created considering the
shading on the water surface within these boundaries
using 30 m Shuttle Radar Topography Mission (SRTM)
data covering the dam and its immediate surroundings.
This insolation map is classified according to solar
energy potential using the Jenks Natural Break (JNB)
algorithm. The flow chart of the process steps is given in
Fig. 2.
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3. Results

3.1.Investigation of dam water surface change using
satellite images

There are oak forests, planted agricultural areas, and
bare areas around Demirképri Dam. To detect the
changes in these areas, 55 satellite images covering a
span of 20 years from 1999-2019 have been classified.
These images taken from Landsat-5, Landsat-8, and
Sentinel-2 platforms in August, September, and October,
when the dam water level was lowest, were classified by
the RF algorithm in the GEE platform.

The red, green, blue, and infrared band data of each
satellite image were used to distinguish the shoreline of
the dam from other details. In addition to these bands,
NDWI values suitable for the general characteristics of
the region were calculated and included in the
classification to extract the dam surface more sensitively.
The accuracies of the performed classification operations
were analysed by calculating producer’s accuracy (PA),
user’s accuracy (UA), overall accuracy (OA), and kappa
(K) values for each class. Among the images with an OA
value over 90%, the water surface areas calculated as
less than the 2,000-ha threshold are given in Table 1.

Table 1. High accuracy image classification results for Demirképrii Dam

Date Spacecraft ID /Sensor Area (ha) PA (%) UA (%) 0A (%) K

14.08.2001 17416 100.0 99.9 92.0 0.882
15.09.2001 17115 100.0 99.9 94.8 0.924
01.10.2001 1694.7 100.0 99.9 93.1 0.899
10.09.2005 Landsat-5 (TM) 1979.6 100.0 100.0 93.1 0.899
15.08.2007 1625.2 100.0 99.8 93.1 0.898
16.09.2007 1601.8 100.0 99.7 93.2 0.901
21.08.2008 1603.2 99.7 99.8 95.1 0.928
07.09.2017 1794.0 100.0 100.0 922 0.882
01.08.2018 . 1883.2 100.0 99.9 93.2 0.893
02.09.2018 Sentinel-2 L2A (MSI) 1754.0 100.0 100.0 929 0.893
07.09.2019 1877.5 100.0 100.0 92.5 0.886

Among the 11 high-accuracy water surfaces derived
by classification processes, five surfaces whose area
values are smaller than the others are shown in Fig. 3 (a-
e). The smallest surface found by the intersection of the
dam surfaces derived by the classification defines the
minimum boundaries of the Demirkoéprii Dam that
constantly retains water Fig. 3 (f). This intersection area
has been calculated as 1,562.4 ha [19].

On the dates when the dam’s water level and surface
area decrease, some small islets not visible at other times
appear near the shores. Since these islets can damage
FPV panels, their location and shape should be precisely
established in advance. Furthermore, they can also be
used as the fixing point of the panels as required. Their
positions can be determined from Sentinel images with
higher resolutions than Landsat images. Some of the
islets determined from the classification are shown in red
ellipses in Fig. 4. It is complex to determine their
positions and shapes using classical terrestrial survey
methods. The islets were precisely determined using
high-resolution satellite images of these dates after
determining that the dates of the dam water level were
low.

3.2. Water dynamics for the Demirkoéprii Dam

Global surface water dynamics have been analysed by
classifying spatial detail and accuracy levels at intervals
of 5-10 years using medium-resolution Landsat satellite
images covering 32 years [6]. In this study, NDWI was
used to separate water from other details, and Hue-
Saturation-Value (HSV) colour-space was used for image
enhancement. Thematic maps were produced to
characterize the water transitions between the first

observation year and the last observation year. In the
thematic maps produced, they stated that there was no
significant change in the water in the black areas
between 1984 and 2015, that the water increased in the
green areas and decreased in the red areas. In addition,
they divided the passages of water into different
categories in their study. These categories are permanent
water surfaces, new permanent water surfaces, lost
permanent water surfaces, seasonal water surfaces, new
seasonal water surfaces, lost seasonal water surfaces,
conversion of permanent water into seasonal water.

Spectral library equations defining the classes used in
the study were created through visual analysis. The
performance of the global classification processes has
been evaluated using 40,124 control points, and it has
been proven that the accuracy is around 99% in the
calculation. The derived global dataset has facilitated
modelling of the water surface, mapping long-term
changes in global water formation, tracking changes in
freshwater resources, such as lakes and rivers, and
tracking climatic changes.

During the monitoring period, the surface areas
where water resources, such as waterbeds, rivers, dams,
and lakes, remain constant have been determined. The
permanent state of surface water is presented based on a
single map called Surface Water Occurrence (SWO).
Monthly SWO data were calculated using Eq.1 [6].

SW o month — z WDmonth/z yomonth (1)

Where, WD is the monthly amount of water detected
and VO is the number of valid observations.
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This study, which is very useful in terms of
interpreting the analyses and validating the methods
used and carried out by writing code on the GEE
platform, can be used as a ready data set in many
academic studies.

32 years of global water dynamics analysis provides a
map explaining the water dynamics in Demirképrii Dam.
The change in the dam is in the form of continuous
advancement and withdrawal of the shoreline. Increases
in water formation are represented in green and
decrease in red on the SWO map (Fig. 5). The regions
with permanent water and no significant change in water
formation between 1984 and 2015 are shown in black.

The region from the south to the middle of the dam is
where water is constantly available. Time-dependent
increases are observed in the coastal areas of this region.
In contrast, the water is more dynamic in the northern
part of the dam. Demirci Stream feeding from the north,
Delinis Stream, and Gediz River feeding on the east make
Demirkoprii Dam dynamic. Depending on the
topographical formation, the transitivity that triggers the
increases and decreases in the water level in the
northern region is revealed by the SWO map. The
currents formed in the northern part of the dam indicate
that this area is unsuitable for FPV SPP installation.

The coherence between the SWO map and the
Demirkoprii Dam surface map obtained by the
classification method was examined with the Kappa
statistical test using randomly selected 1,000 points
(Table 2). Kappa value calculated between the SWO map
and the dam surface maps derived from the images dated
September 2005, August 2018, and September 2019 are
over 0.8. Kappa values higher than the threshold value
indicate a very high agreement between the SWO map
and the classified maps [42]. The areas with a Kappa
value of less than 0.8 were found to be relatively lower
than those in the fields on other dates. In this case, it was
determined that the compatibility of these maps with the
SWO map was lower, so according to the SWO map, the
water level at those dates decreased more than the usual
situation.

Consequently, in the last two decades, it has been
determined that the withdrawal of water in Demirkdprii
Dam was high in August 2001, September 2001, October
2001, August 2007, September 2007, August 2008,
September 2017, and September 2018.

Table 2. Accuracy test of the SWO map with images of
the lowest water surface area maps
SWO change Date Spacecraft

map ID/Sensor K
14.08.2001 0.792
15.09.2001 0.790
01.10.2001 0.782
10.09.2005 Landsat-5 (TM) 0.828
Permanent 15.08.2007 0.744
data 16.09.2007 0.732
01.08.2008 0.708
07.09.2017 0.790
01.08.2018 Sentinel-2 L2A 0.808
02.09.2018 (MSI) 0.770
07.09.2019 0.810

3.3.Insolation map

The efficiency of PV systems depends on the amount
of incident solar radiation on the panels’ surfaces [43].
Topographical factors such as elevation, aspect, and
slope affect the amount of incident solar radiation on the
panel surface (Fig. 6). The spatial and temporal
variations of this amount are revealed by solar radiation
modeling. Modeling shows the effects of the sun on a
geographical area for certain periods by spatial analysis
based on topographic data [44]. Today, it is possible to
produce solar radiation maps for a region using the solar
analysis tools provided by GISc over the digital elevation
model (DEM) dataset [45].

Figure 6. Solar energy sources on a surface: (1) direct
radiation, (2) diffuse radiation reflected from the sky,
and (3) diffuse radiation reflected from land [21]

In this study, solar radiation maps were created using
the ArcGIS/Area Solar Radiation tool of ESRI, which
offered comprehensive geometric modeling, high
calculation speed, and accuracy [46]. A 30 m spatial
resolution SRTM dataset was used to regionally map the
amount of solar radiation that varies depending on the
land topography and sun incidence angles. The annual
total radiation of 2020 was calculated for each pixel in
the area that includes Demirképri Dam (Fig. 7). In the
annual radiation calculation, the general parameters
used according to the latitude of the region and the
calculation period were selected as day interval 14, hour
interval 0.5, and SkySize 200 [47]. Topographic and
radiation parameters are given in Table 3.

Annual insolation map with 30 m spatial resolution
for Demirkoprii Dam and its near surroundings using
SRTM DEM data overlaps with the smallest dam area
given in Fig. 3 (f) and given in Fig. 5 (a). Solar radiation
values calculated within the intersection field vary
between 1,554 kWh/m?2-year and 1,875 kWh/m?2-year.
This change is due to the shading caused by the
topography around the dam. To reveal the effect of
shading on the intersection region, 30 m resolution pixels
were reclassified using the JNB algorithm according to
the insolation value Fig. 7 (b). The classification made
into five categories showed that insolation in the regions
close to the shoreline of the dam was lower than in the
inner regions (Table 4).
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Table 3. Solar radiation parameters used in this study

Topographic parameters Radiation parameters

Z factor Calculation Calculation Zenith Azimuth Diffuse model type Diffuse Transitivity
directions direction divisions divisions Proportion

1 DEM 16 8 8 Standard overcast sky 0.5 0.5

. © ° Intersected region
= ‘Annual solar radiation
“;'— High : 2020 kWh/m2

,— Low : 1037 kWh/m?2
.

o
lar radiation region

[ Very low
[ ] Low
[ | Medium
[ 1 High

[ ] Very high

Figure 3. a) Annual insolation map of Demirkoprii Dam and its near surround, b) classified solar radiations in the dam
surface
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Table 4. Classes calculated according to the JNB algorithm

Solar radiation value (kWh/m?2) Category Area (ha) Percentage (%)
1,796.8-1,875.2 Very High 1383.1 88.5
1,782.1-1,796.8 High 169.8 10.9
1,729.3-1,782.0 Medium 7.3 0.5
1,648.6-1,729.0 Low 1.4 0.1
1,554.0-1,648.6 Very Low 0.8 0.1

The area with very high insolation covers 88.5% of
the dam area. Regions with medium, low, and very low
insolation amounts constitute 0.6% of the total dam area.
The insolation values of the regions on the shoreline in
the east, south, and west of the dam basin are due to the
wavy structure of the dam's shoreline and sharp rocks.
The 10.9% of parts of the dam, which is a little further
from the shoreline, is classified as high regarding
insolation. Although this region is classified as high, it
appears that there is some shading effect. When investing
in FPV systems, it is important to valorise the shadowing
effect in this region.

4. Discussion

The application of PV systems to water surfaces is a
new and rapidly developing application in the world. A
limited number of studies have been found on
investigating the shading effect on water surfaces. For
the installation of FPV systems, it is very important to
calculate the water surface boundaries with the least
error and to choose the most suitable places for
installation. In the literature review, it is seen that RS and
GIS techniques are widely used in determining the
appropriate location of FPV systems. Especially in water
surface applications, Sahu et al. [39] suggested the use of
RS and GIS techniques in terms of increasing efficiency.
In this study, the 20-year change in the area was
examined by using RS to determine the suitable area for
the FPV-GES installation on the Demirképrii dam water
surface and was confirmed by the study by Pekel etal. [6].

The most important factor in the generation of
electrical energy of photovoltaic systems is the amount
of radiation falling on the module surface. Shading of the
solar radiation of some module surfaces in the array due
to any environmental factor affects the module efficiency,
array efficiency and thus the efficiency of the PV system
[48-52]. Various techniques are applied to reduce the
shading effect [53]. However, applying strategies such as
electrical  interconnection  changes or  using
microinverters in large-scale systems makes the system
complex and increases its cost. The most practical and
economical method to minimize the effect of shading is
to determine the no shading or least shading areas. The
ArcGIS solar radiation tool is frequently used to detect
the total radiation in an area along with the effect of
topography [54-58].

When the studies on FPV systems were examined,
Kim et al. [59] focused on the selection of suitable sites.
In their study, they created a water depth database using
OpenAPI and estimated the radiation distribution using
meteorological and topographical data. While the depth
of the water was taken into account in that study, in our
study, the surface area of the water, and therefore the

horizontal shoreline change, was taken into account,
since it was aimed to use the entire surface. In addition,
the importance of topography in radiation distribution
has been revealed. Lee and Lee [60] identified suitable
locations for FPV systems with the Analytical Hierarchy
Process (AHP) considering terrain and climatic factors.
In their study, suitable river surface areas for FPV
installation were determined using GIS techniques, while
in this study, suitable areas of the dam surface were
determined. Both studies are similar in this aspect.

5. Conclusion

The minimum areas in the classifications made using
the RF Algorithm and NDWI over the Landsat and
Sentinel satellite images of the Demirkdprii Dam for the
last 20 years were analyses with the GIS overlay tool, and
the optimum area was calculated as 1,562.4 ha. Since the
investment costs of FPVs are high, it is vital to precisely
establish the water surfaces. Also, it was concluded that
the detection of small islands caused by the decrease of
the water level by remote sensing will be important in
the net detection and fixation of the installation areas of
FPV systems. According to this result, the regions with
islets can only be used for fixation purposes.

Pekel et al. [6], a global water-formation study
conducted on a world scale was applied for Demirkoprii
dam and the results were consistent with the determined
dam boundaries. It has been realized that both
approaches can be used as alternatives to each other in
monitoring changes on the dam surface.

Shading on the surfaces of PV panels reduces their
efficiency. Classification of annual solar analysis results
for the dam surface is invaluable in determining the
regions where maximum energy efficiency can be
achieved. Although the total radiation is high in the
middle parts of the reservoir, the total amount of
radiation falling on the surface decreases in the regions
close to the shoreline due to the effect of the shading
caused by the topography. This will cause a decrease in
the amount of electrical energy to be generated from the
FPV panels installed in regions close to the shoreline of
the reservoir. As a result, this study revealed the
importance of using RS and GISc technologies in
determining the optimum region for FPV power plants to
be installed on dam water surfaces.
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