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Abstract: Addressing water and energy
shortages in Iraq is of critical importance. In
recent years, the country has faced challenges
in energy supply due to a decrease in
hydroelectric station production caused by
several factors, such as high temperatures, lack
of rainfall, and water evaporation. Installing
floating solar panels is a modern technique to
mitigate low energy production and reduce
water evaporation. This study examines the
feasibility of implementing this technique at
Haditha Dam Station in Iraq using practical
data obtained from simulation environments.
The results showed that it is possible to
preserve the water reserve and increase the
production efficiency of the station by installing
floating panels. The paper discusses various
aspects of floating solar panel installations,
angles,

different

including orientation, inclination

supporting structures for
environments, materials used, and modeling
techniques through software applications like

Homer.

jTikrit Journal of Engineering Sciences | Volume 32 | No. 1! 2025

raze A0



http://doi.org/10.25130/tjes.32.1.24
mailto:Dyighama@gmail.com
mailto:yousif.mohammed@uoanbar.edu.iq
mailto:sameer.algburi@uoalkitab.edu.iq
http://creativecommons.org/licenses/by/4.0/
http://doi.org/10.25130/tjes.32.1.24
https://orcid.org/0000-0002-3822-7636
https://orcid.org/0000-0003-3943-8395
https://orcid.org/0000-0002-5483-6271
mailto:fadhil.mohammed@kus.edu.iq

' Dhaigham Abdulrazzaq Al Shammary, Yousif Al Mashhadany, Sameer Algburi / Tikrit Journal of Engineering Sciences 2025; 32(1): 1629. -

dila g gl ABUal) aa dailad) Apcsadd) ) oY) Craangs 4S8R ad) o )0y Juladi g Al o

Yeosall paw T Alagdiall g g el @15 4 adua
3l /el 5eSU 5 ) 5 s / Alal) Adkaiall / Al g A8 (il el AS
GIoal = ) /LY Arals fAuigl) 408 / 40 <) durigl) aud "

G all — S [l el / A o) iS00 dusnigl) 28T
LaMAl

)l sy ALY Clalae] b ciland DU Cagal 5 A ol il Lo g cdaad) @l yal ) jadl b 48Ul g byl (i Anllaa
UALJ.B;.\HA.\JJ;.“ A.\\.\.\A.\ncsh\ z:l.mn );44} ‘)&AY\ JJLA 415} sa)\);.“ &_IB)J&U.U\J.\AJA\}G &.\m@h\,ﬂ‘ﬂu\ Gidasa
u@@mﬂ\amduhdj.\;du@m\)ﬂha;zuu Al dadll 1Y) S 5 o el A Qs g A8 L) alias)
.LA\A.: A.Aabd\ w\ C\)M g_uS‘)J U‘ C_MJ\ ‘_U@.L\j a\S\;A\ ‘—‘IJUL)ALG-A“—JJMQ\H@J‘ 4.\1.«)\ ubbﬂ\ eha.\u\.\ d\)ﬂ\@ﬂ\.\.\.\a
uaj)}‘bmymn@u‘mu\w\ctﬁ\ums)ﬂw\u\,gmun G LY BeliS e 3y a5 el adl (5 3aa e

).A_,Aduw‘)a&_lmd){;whm‘uhmjﬂaéxﬁmnJ\)A\Jcﬂhmubaﬂw‘ﬂ\dshébsdﬂ\

-um ﬂ\.ubjé ana (A4, .\; Y ‘MJIA})@SS‘ 4aUal cdalad) w\ C‘Jh” u.\;g_d\ cL;“;d\ c\JY\ M\ﬁ‘ um\

1. INTRODUCTION

Growing the global population increased
energy, agricultural land, and housing demand.
This increase rose demand leads to the
depletion of non-renewable resources, such as
coal and oil, making it essential to explore
renewable energy sources. Solar energy is
considered one of the most abundant and
limitless energy sources worldwide [1-3].
However, conventional photovoltaic (PV)
systems require large areas of land, which can
lead to deforestation, bird deaths, and erosion,
with an average consumption of 0.5-0.7
MW/ha for ground-based PV power plants [4].
Limited space availability and high costs pose
challenges for installing solar power plants in
countries experiencing rapid population
growth [5]. Additionally, high-temperature
coefficients negatively impact PV panels'
performance [6-9]. Floating Photovoltaic Solar
(FPV) systems offer a new approach by
installing solar panels on water bodies,
benefiting from water cooling while mitigating
negative thermal effects on solar modules [10].

Floating Solar PV System

Hydropower Dam

Water may soon become a popular technique
for tracking solar energy due to FPV's positive
aspects [11-14]. FPV systems have introduced
new possibilities for increasing solar power
generation capacity, particularly in landlocked
countries with limited land availability [15-20].
The primary objective behind this technology is
to utilize expansive water surfaces as sites for
generating power while controlling system
temperatures  through  water  cooling
mechanisms (see Figure 1) [21]. Ideal locations
for implementing FPV systems include non-
touristic or recreational waterscapes, such as
sewage treatment plants, fishponds, industrial
ponds, or lakes [22-31]. Numerous large-scale
projects involving FPV technology have been
developed in recent years, taking advantage of
diverse climatic factors such as temperature
(Ta), solar radiation (G), wind speed (VW), and
water temperature (WT). This diversity has
increased efficiency in renewable energy
systems [32-38].

Internal Interconnection Cables

Hybrid System Substation

Transmission System

Fig. 1 The Operations of Merging Hydroelectric Power Plants and Floating Pv Generating [9].
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In this research, floating platforms made from
high-density polyethylene (HDPE) can be
utilized to reduce water evaporation by up to
70%, leading to significant water conservation
[39]. Moreover, energy generation from
photovoltaic cooling systems has increased by
approximately 6% [40-43].

2.CASE STUDY

The modeling of the overall hybrid power
system considers actual data from one of Iraq's
most prominent hydroelectric power stations,
i.e., Haditha Dam Hydroelectric Station (see
Fig. 2). Due to low water levels in the Euphrates
River, the efficiency of this station has been
reduced by 80% [44] compared to its designed
capacity. As a result, introducing a Floating
Solar Panel (FSP) hybridization is proposed as
an additional energy source for this location

e’ 7 r——
Fig. 2 Haditha Hydroelectric Dam Station
[44].
By harnessing solar energy available in this
region, which experiences up to 14 hours of
sunlight during summer and 10 hours during
winter, it is possible not only to supplement
electricity production but also to reduce water
evaporation caused by high temperatures that
could reach up to 50 °C. A hybrid plant
incorporating hydro and solar sources can
address challenges faced by energy exporters
since hydropower compensates for unstable
solar energy production with its rapidly
adjustable output [46]. Simultaneously, solar
energy conserves water reserves while
leveraging positive aspects, such as extended
daylight hours and minimal cloud coverage.
Combining these technologies offers economic
benefits by producing more energy from the
same site while utilizing existing infrastructure
components, like transformers, cranes,
transmission lines, and operating teams trained
on operating and maintaining floating solar
systems [47]. While prices for these hybrid
systems might be higher in the electricity
market initially, they provide greater flexibility
in managing consumer product distribution,
adding versatility makes them an attractive
solution for addressing modern-day renewable-
energy challenges [48]. The Haditha
Hydroelectric Dam Station, Iraq's second-
largest hydroelectric facility, boasts 8.28 billion

cubic meters of water storage -capacity.
Comprising six generating units with an
individual capacity of 110 MW each [49]. The
station has a total power generation capacity of
660 MW. The dam stands at a height of 57 m
and spans 8933 m in length, while its base
measures approximately 386 m wide [50]. The
dam’s top width is around 20 m. It operates at
an elevation level of about 147 m above sea level
with a vast storage area encompassing roughly
503 m2. The emergency floodwater levels reach
up to 150.2 m high, allowing for additional
water storage amounting to almost 10 billion
cubic meters spread over an expanded area
measuring nearly 575 m2 [51].

3.DESIGN OF A FLOATING SOLAR
PANEL

A crucial aspect of solar panel installation is
their orientation, which ensures maximum
exposure to sunlight and the most efficient
angle of incidence. The optimal direction for
positioning panels depends on whether a site is
north or south of the equator. In the case of
Haditha Dam Lake, situated north of the
equator, it is ideal to face solar panels towards
the south due to the east-to-west sun trajectory
that renders its circular path perpendicular to
panels for extended periods.

The inclination angle of these panels varies
across different seasons throughout Iraq's four
distinct annual climate phases. The primary
determining factor in this context is latitude,
which measures approximately 41.5518226° in
Haditha Dam. During autumn and spring,
panel inclination matches latitude at
41.5518226°; however, adjustments are made
according to seasnal changes (see Fig. 3).

oy

Fig. 3 Tracking Within a Confining Structure.
In summer, an inclination angle equaling
latitude minus 15° (26.5518226°) maximizes
solar radiation absorption capacity. Conversely,
winter conditions call for an increased incline
totaling latitude plus 15° (56.5518226°). These
strategic alterations account for varying levels
of sunlight exposure over time and ensure
optimum energy production from installed
solar systems.

4.CASTE RULES FOR FLOATING SOLAR
PANELS

Installation guidelines for floating solar panels
differ from those for ground-mounted systems
due to their positioning on the water's surface.
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Uneven surfaces, coupled with wind and water
forces, can cause potential damage, such as
cracks that may reduce the panels' lifespan.
Since this technology's inception, several
solutions have emerged to address these
challenges, including using galvanized iron
supported by polyethylene pipes [22]. As
demonstrated in an aerial photo of a Rover-to-
FPV setup (Fig. 4), the system underwent
several tests in harsh conditions, exposed to
wind speeds of 140 km/h without encountering
any issues. This approach ensures enhanced
durability and reliability for floating solar panel
installations despite environmental stressors
associated with their aquatic settings [23].

Fig. 4 PVF plant Tracking in Suvereto (Italy)
[23].

A project for floating panels was established in

Korea, as shown in Fig. 5, in 2012. It is a

practical example of implementing innovative

floating solar panel technology for harnessing

renewable energy resources [24].

Fig. 5 Supporting Structure for Korea Project
[24].

5.RESULTS AND DISCUSSION

The Homer program, a software application
specifically designed to calculate and evaluate
hybrid energy systems, was utilized. This
process involves integrating multiple energy
sources and analyzing data related to average
temperatures, solar radiation duration, angle of
incidence, wind speed, and other relevant
factors in the study area. The program provides
optimal solutions from various perspectives
while prioritizing economic viability by
considering system setup costs. Homer is an
established tool for performing power and cost
analyses based on several factors, such as wind
speed, solar irradiance, and load profiles across

numerous configurations. Several findings
emerged by applying the Homer program to
assess economic costs associated with
implementing a solar electric system within
Iraq's market context, alongside climatic data
specific to Haditha Dam Lake. Figure 6, from
the Homer program, illustrates the proposed
site for the present study (Haditha Dam),
showcasing geographical dimensions on a map
along with latitude and longitude coordinates.
The study also considered all information and
influential factors to provide economic
feasibility that improves and stabilizes the
electrical power network in Iraq.

6962+XV Haditha, Iraq ( 34°12.7N, 42°21.7F )

™

34°12' 55.11" N 42° 31" 54.36" E 5km

(i N
& |
N\ A /
Iraq Haditha Location Search

(UTC+03:00) Baghdad 2
Fig. 6 Haditha Dam Site in Western Iraq.

Figure 7 depicts a single-line diagram of the
proposed project for this study, as derived from
the simulation results. This visual
representation provides an overview of the
project's layout and design based on data-
driven insights obtained through in-depth
analysis. Figure 8 shows the average annual
solar radiation in the study area. This data
offers valuable insights into seasonal variations
in sunlight exposure, which can help inform
strategies for optimizing solar panel efficiency
and energy production across different periods.
According to the inputs of the proposed floating
system, the results were the average output of
the energy produced per month from the
floating solar panels. Figures 9 and 10 show the
amount of daily energy that can be obtained.
Figure 11 demonstrates the relationship
between the amount of solar radiation incident
on the panels and the energy produced per
square meter.

AC DC D
Hydro Power | Converters System Flaatinf PV
g/

Grid

Fig. 7 Single-Line Diagram of the Proposed
Project.
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Falling on the Dam Lake in Each Month of the
Year.
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6.CONCLUSION

Implementing floating solar panels at the
Haditha Dam Station in Iraq presents a
promising solution to address the challenges of
energy shortages and water evaporation. This
study has explored various aspects of floating
solar panel installations, including orientation,
inclination angles, supporting structures,
materials used, and modeling techniques. The
Homer program simulation results indicated
the proposed hybrid system's economic
viability and positive impact. By harnessing
solar energy through floating solar panels, the

0.6

0.8 1 1.2

Global Solar (kW/m2)

Fig. 11 The Relationship between the Amount of Incident Radiation and the Energy Produced by the

Panels.

Haditha Dam Station can increase its energy
production efficiency, preserve  water
resources, and contribute to the national grid.
The results also provided feasibility for solving
the energy shortage problem and preserving the
dam lake’s water reserve. Utilizing available
water surfaces for these installations offers a
sustainable and efficient approach to meeting
increasing energy demands while conserving
valuable water resources. Further research on
this topic contributes significantly to the
renewable energy transition within Iraq and
other regions facing similar challenges.
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