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Abstract

Renewable energy systems are important technologies that reduce the use of fossil resources and emerged as a
solution to the problem of global warming. Today, these technologies are installed both onshore and offshore. In
this study, hybrid floating renewable energy structure systems were discussed to meet the energy needs of
Tlirkiye’s coastal areas from renewable energy sources. The policies and legislative aspects regarding offshore
installations were analysed. In order to implement floating energy structure systems in Tiirkiye’s coastal areas,
the features of the floating foundation structure, energy systems and sustainability dimensions were evaluated.
The floating energy structure design example proposed in the doctoral thesis “Sustainable Floating Urban Park
Model: The Case of Fethiye” was examined. For Tiirkiye’s sustainable energy future, suggestions have been
developed for the application of hybrid floating renewable energy structure systems in coastal areas.

Keywords: Coastal areas, floating renewable energy, hybrid energy, floating structure systems, Tiirkiye.

Kiy1 Alanlarinda Hibrit Yiizer Yenilenebilir Enerji Yapi Sistemlerinin
Uygulanabilirligine Yonelik Irdeleme

0z

Yenilenebilir enerji sistemleri, fosil kaynak kullanimini azaltan ve kiiresel isinma sorununa ¢éziim olarak ortaya
¢citkan 6nemli teknolojilerdir. Gliniimiizde bu teknolojiler, hem karada hem de deniz listiinde kurulmaktadir.
Calismada, Tiirkiye kiyi alanlarinda enerji ihtiyacinin yenilenebilir enerji kaynaklarindan temin edilebilmesi
amaciyla hibrit yiizer yenilenebilir enerji yapi sistemleri ele alinmistir. Deniz (sti kurulumlarina yénelik izlenen
politikalar ve mevzuat boyutlari incelenmistir. Tiirkiye kiyi alanlarinda ylizer enerji yapi sistemlerinin
uygulanabilmesi icin tasiyici temel yapi Ozellikleri, enerji sistemleri ve sirdiriilebilirlik boyutlari
degerlendirilmistir. “Siirdiiriilebilir Yiizer Kent Park Modeli: Fethiye Ornedi” doktora tez ¢calismasinda 6neri olarak

sunulan yiizer enerji yapi tasarimi érneginden bahsedilmistir. Tiirkiye’nin sirdiiriilebilir enerji gelecedi igin hibrit
ylizer yenilenebilir enerji yapi sistemlerinin kiyi alanlarinda uygulanabilmesine yénelik 6neriler gelistirilmistir.
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1. Introduction

Coastal areas, which have natural, cultural and social values, are the places where people generally
establish their living spaces to meet their primary needs and to engage in various activities such as
transport, trade, tourism and industry. Coastal areas are regions where land and sea intersect, have
high value in terms of natural structure components, and have been home to human settlements since
ancient times (Avcl, 2017). These areas play an important role in ensuring environmental sustainability
and strengthening the interaction of societies with nature.

The use of coastal areas is important for agricultural cultivation, animal husbandry, fisheries, forestry
activities, natural gas and oil production. In addition, it has versatile advantages in terms of having
structural uses for settlement, transportation, industry and defence purposes, meeting the recreation
needs of people and becoming tourism destinations (Avci, 2017). In addition to this, open green space
arrangements in coastal areas are becoming important not only for recreation and entertainment
purposes but also in terms of environmental sustainability.

However, coastal areas are sensitive and highly vulnerable ecosystems against rapid changes due to
increased human activities and other factors (De La Cruz, 2021). One of the biggest risks and
environmental problems of the 21st century facing these areas is sea level rise due to global climate
change (Nicholls & Cazenave, 2010; EI-Shihy ve Ezquiaga, 2019; Kurt & Li, 2020). More than 10% of the
world’s population lives on the coasts (Sahin, Navruz & Yilmaz, 2018) and 90% of the largest cities are
located by the water (Cosgrave, 2017). In this respect, low-elevation coastal zones along the world’s
coastline that are less than 10 metres from the coastal boundary and defined as land area contiguous
are expected to be affected by climate change (McGranahan, Balk & Anderson, 2007).

In Turkiye, 28 provinces are located directly on the coastal areas (Kurt & Li, 2020). The total area of
these coastal cities is 220,447 km? and the total population has been determined as approximately 46
million as of 2020 (Yaman Kocadagl, 2022). Turkiye’s coastal areas are primarily used for public
physical activities such as settlement, tourism, sports, recreation and transport (Kurt & Li, 2020; Serim,
Karatas, Cirak, Yorur & Kilig, 2022). According to the calculated morphological values of the coastal
cities of Tiirkiye, the city with the largest urban settled area is istanbul and the city with the smallest
is Sinop. When the open green space utilisation of Tirkiye’s coasts is examined, the highest city is
istanbul and the lowest cities are Giresun and Canakkale (Kahraman & Aydin, 2016). In this respect, it
is likely that climate change will affect these and other coastal areas of Tirkiye where human
settlements and activities are intensively realised (Sahin, Navruz & Yilmaz, 2018; Kurt & Li, 2020).

For this reason, floating renewable energy systems are usable and developable technologies for
reducing the effects of global climate change in intensively used coastal areas, increasing renewable
energy production against fossil fuel use and making sustainable coastal arrangements (Jacobson,
Delucchi, Bazouin, Bauer, Heavey, Fisher, Morris, Piekutowski, Vencill & Yeskoo, 2015; Cesur, Gll & Ay,
2018; Cesur Durmaz & Ucgiil, 2023; Martinez & Iglesias, 2024).

Renewable energy systems are necessary for the protection of natural areas and ecological balance,
human health and the continuity of living life. Countries attach importance to renewable energy with
the idea of reducing the use of fossil-based resources, increasing green energy production and
achieving a livable world future (Cesur Durmaz & Uggiil, 2023). Renewable energy sources are classified
as solar energy, wind energy, water-based energy sources (hydro energy, wave energy, tidal energy,
ocean energy, current energy), geothermal energy, biomass energy and hydrogen energy (Ucgiil &
Elibiiyiik, 2016).

Today, when we look at the world examples, renewable energy systems widely applied in terrestrial
areas, are also developing on the seas thanks to floating structure systems. Floating energy sources
such as solar, wind, wave, current, thermal provide alternative energy supply for coastal areas and are
used appropriately.

Some of the largest floating solar power plants projects in the world, which are under construction or
completed according to their capacities, are Saemangeum floating solar energy project (South Korea),
Ombkareshwar Dam floating solar farm (India), Hangzhou Fengling Electricity Science Technology’s solar
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farm (China) and Cirata Reservoir floating photovoltaic power project (Indonesia) (Senli, 2023). The
floating wind platform developed by Enerocean and W2Power is the first multi-turbine floating
solution in the world to be tested offshore (EnerOCEAN, 2019). The InSPIRE project, developed in
partnership with TechnipFMC and Bombora, is a floating platform system that can generate wave +
wind energy (Bombora, 2024). A wave energy converter that can periodically move up and down in
sea waves has been designed by FDN company (FDN, 2016). Simec Atlantis Energy provides installed
capacity of up to 2 MW with its SeaGen ‘S’tidal and bottom current turbine (Jackson & Persoons, 2012).

When the world examples are examined, it is understood that different floating renewable energy
structures are used in mega sizes and are generally constructed in offshore. When analysed in terms
of Turkiye, there are mostly projects where floating solar energy structures are installed in stagnant
water areas such as rivers, lakes and ponds (Gékmener, Cicek, Oguz, Haspolat, Melek & Deveci, 2023).
Azmak 2 ‘Hydroelectric Power Plants + Floating Solar Power Plants Project’ and Bliylkcekmece
‘Floating Solar Power Plants Project’ are among the first examples (Bulut, Kaplanoglu & Geylani, 2018;
ASKi, 2023).

However, the development of hybrid renewable energy systems on smaller floating structures will
make it possible to generate energy even in different climatic conditions (Qu, Yao & Du, 2021) and to
apply it to near coastal areas. In this way, by increasing the applicability of these technologies in the
coastal areas of Tirkiye, it will be possible to meet the energy needs, to increase environmental
awareness in recreation areas, to reduce the ecological footprint, to support sustainability and raise
social awareness in the fight against global warming.

In this study, floating renewable energy structure systems was discussed in order to meet the energy
needs of Tirkiye’s urban coastal areas from renewable energy sources and to increase their use
especially in narrow coastal areas. In this respect, the policies and legislative dimensions for offshore
installations in Tiirkiye was analysed. The basic structural design principles of floating renewable
energy systems and technical specifications of energy systems was investigated. By mentioning the
hybrid floating renewable energy design example proposed in the “Sustainable Floating Urban Park
Model: The Case of Fethiye” doctoral thesis, evaluations were made in terms of the development of
floating energy installations in the coastal areas of Tlirkiye. As a result, suggestions for its applicability
in Tlrkiye’s coastal areas was presented.

2. Management Policies and Legislative Status of Floating Renewable Energy Structure Systems in
Turkiye

Tirkiye is a country dependent on foreign energy sources to meet its energy demand by approximately
74%. For this reason, the use of renewable energy resources is of great importance in Tirkiye (T.C.
Disisleri Bakanhgi, 2022). In accordance with the National Energy Policy framework adopted in 2017,
Tiirkiye has prioritised increasing domestic and renewable energy resources (Emeksiz & Findik, 2021).
By the end of 2022, production from renewable sources in Tirkiye constituted for 54% of the total
installed capacity (T.C. Disisleri Bakanhgi, 2022).

If floating renewable energy resources are examined at the scale of Tiirkiye; it is seen that resources
such as solar, wind, wave, tide, current have started to be utilised (Emeksiz & Findik, 2021). According
to the Tirkiye Solar Energy Potential Atlas, the average daily sunshine duration is 7.5 to 8.5 hours/day
and the average total radiation intensity is calculated as 4.18 kWh/m2-day (MGM, 2024; Emeksiz &
Findik, 2021). In terms of offshore wind energy potential, Tirkiye has a fixed 12 GW and floating 57
GW potential 200 km off the coast (ESMAP, 2019). Tiirkiye’s tidal energy potential is very low and the
current energy source is suitable in Canakkale and istanbul Straits, but it is not developed due to sea
traffic. Wave energy potential is estimated to be 28 GW for a coastal length of 2600 km, excluding the
Marmara region (Emeksiz & Findik, 2021).

Turkiye Ministry of Energy and Natural Resources plans to increase the share of renewable energy
sources such as wind and solar in total electricity production in line with its current capabilities and
the flexibility it may have in the coming period. Accordingly, the installed capacity is expected to
increase to 29.6 GW in wind energy (24.6 GW onshore, 5 GW offshore) and 52.9 GW in solar energy in
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2035 (Enerji ve Tabi Kaynaklar Bakanligi, 2022). However, these projections are not addressed due to
technological or economic barriers for marine-based resources such as waves, tides or currents.

In this direction, in Tlirkiye the Law No. 5346 on the “Law on Utilization of Renewable Energy Sources
for the Purpose of Generating Electrical Energy” aims to “Expand the utilization of renewable energy
sources for generating electric energy, to benefit from these resources in a secure, economic and
qualified manner, to increase the diversification of energy resources, to reduce greenhouse gas
emissions, to assess waste products, to protect the environment and to develop the related
manufacturing industries for realizing these objectives” (Yenilenebilir Enerji Kaynaklarinin Elektrik
Enerjisi Uretimi Amacli Kullanimina iliskin Kanun, 2005).

In the Regulation on the “Giines Enerjisine Dayali Elektrik Uretimi Basvurularinin Teknik
Degerlendirmesi Hakkinda Yonetmelik” dated 30/06/2017; “The procedures and principles regarding
the formation of the technical opinion to be given on the applications made based on solar energy in
order to ensure the effective and efficient use of solar energy in the production of electrical energy
have been determined” (Giines Enerjisine Dayal Elektrik Uretimi Basvurularinin  Teknik
Degerlendirmesi Hakkinda Yénetmelik, 2017).

In the Regulation on “Riizgar Kaynagina Dayali Elektrik Uretimi Basvurularinin Teknik Degerlendirmesi
Hakkinda Yonetmelik” dated 20/10/2015; “To ensure the effective and efficient use of wind energy in
electrical energy generation, to make technical evaluations of pre-licence or unlicensed electricity
generation applications made based on wind resource, to make technical evaluations of pre-licensed,
licensed or unlicensed projects whose technical evaluations have been concluded positively, the
procedures and principles regarding the issuance of the letter of conformity regarding the change of
coordinates, capacity increases and change requests regarding turbine technical specifications have
been determined.” (Riizgar Kaynagina Dayali Elektrik Uretimi Bagvurularinin Teknik Degerlendirmesi
Hakkinda Yonetmelik, 2015).

In order to increase the use of renewable energy in Turkiye, the Yenilenebilir Enerji Destekleme
Mekanizmasi (YEKDEM), support for domestically manufactured components used in facilities
generating electricity from renewable energy sources (Yerli Aksam), and competitions to determine of
Yenilenebilir Enerji Kaynak Alanlari (YEKA) are implemented (Albayrak, 2024).

Accordingly, the purpose of the “Yenilenebilir Enerji Kaynak Alanlari Yonetmeligi / YEKA Regulation”
dated 09/10/2016 is “to use renewable energy resources effectively by creating renewable energy
resource areas in public and treasury real estates and privately owned real estates, to realise
investments rapidly by allocating these areas to investors, to ensure that advanced technology
components used in electrical energy generation facilities based on renewable energy resources are
produced domestically or procured domestically, and to contribute to the transfer of technology”
(Yenilenebilir Enerji Kaynak Alanlari Yonetmeligi, 2016). Within the scope of the Regulation, capacity
allocation competitions are held on the areas called YEKA (KGtikcl & Yalili, 2022).

However, in the Law No. 5346 and YEKA Regulation, the areas declared as YEKA are defined as “public
and treasury territory and immovables subject to private ownership”. In this context, it is seen that the
areas declared as YEKA refer to onshore installations (Kutikcl & Yalili, 2022). For this reason, in the
Law on the“Maden Kanunu ile Bazi Kanunlarda Degisiklik Yapilmasina Dair Kanun” dated 02/05/2024
and in the title of Article 6 of the Coastal Law No. 3621 the phrase “in the sea” was changed as “in
water areas”. At the same time, the phrases “Renewable energy production plants can be established
in seas, dam lakes, artificial lakes and natural lakes declared as renewable energy resource areas by
the Ministry of Energy and Natural Resources, excluding reservoirs and wetlands where drinking water
is supplied and coasts and shorelines within the scope of this Law, without making a zoning plan” were
added (Maden Kanunu ile Bazi Kanunlarda Degisiklik Yapilmasina Dair Kanun, 2024).

In Tirkiye, domestic and renewable energy resources are more than sufficient to meet the country's
needs in terms of electrical energy generation, provided that the right policies are followed (Kutiikc
& Yalli, 2022). In this regard, studies are ongoing to reduce external dependency on energy, increase
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the use of local resources and increase the share of renewable energy resources (T.C. Disisleri
Bakanhgi, 2022).

In the Strategic Plan 2024-2028 of the Ministry of Energy and Natural Resources, 7 objectives and 31
targets were determined with the principle of sustainability and nationality for the increasing need for
energy and natural resources, and 113 performance indicators were established for these targets. It is
envisaged to increase the share of electricity generation based on renewable energy resources in total
generation from 43% to 50%. In order to utilise offshore renewable energy resources in this direction,
strategic decisions were taken stating that studies should be carried out for the installation of
renewable energy plants such as offshore wind power plants and floating solar power plants (Enerji ve
Tabii Kaynaklar Bakanhgi, 2024). In this regard, it is also seen that Turkey has begun to make political
decisions to increase floating renewable energy installations.

3. Technical Specifications for the Design of Hybrid Floating Renewable Energy Structure Systems

The energy required for coastal settlements, public areas, or coastal parks in Turkey's coastal areas can
be met from modular floating renewable energy structures that are compatible with the coastal edge
line and have high aesthetic quality. In this respect, floating carrier foundation structure design and
renewable energy system technical details were analysed. In addition, the floating energy power plant
developed as a proposal in the “Sustainable Floating Urban Park Model: The Case of Fethiye” doctoral
thesis study was given as an example.

3.1. Design concept and principles of floating renewable energy foundation structure system

It is important that floating renewable energy foundation system remain stable on the water and and
do not hinder energy production efficiency. In this respect, the building materials used should be
durable, long-lasting, recyclable and have features that minimise environmental problems.

When the materials used in the design of floating foundation structure are analysed, although
regarding durability and stability concrete has high-pressure strength, nevertheless it has low-tensile
one. Steel is implanted inside the concrete structure to reinforce the tensile strength. When the
concrete coating thickness is increased to prevent corrosion of the steel, the weight of the structure
also increases. For this reason, Fibre Reinforced Concrete applications are developing (EI-Shihy &
Ezquiaga, 2019).

Expanded Polystyrene Concrete floating structure designs combined with concrete and foam are
lightweight, stable and flexible to the movement of the structure (Koekoek, 2010). At the same time,
it is environmentally friendly, has zero carbon footprint and supports sustainability features (Vu, 2016).
In this respect, it is preferred more in floating foundation structures.

Other factors to be taken into consideration when determining floating renewable energy structures
are listed below.

e Floating renewable energy foundation structures are in constant movement in the wave loads
marine environment. This situation reduces or changes the energy production (Claus & Lépez,
2022). Therefore, the floating structure must be able to remain stable and ensure structural safety.

¢ Since floating energy structures are exposed to wind and wave loads, attention should be paid to
corrosion when selecting the construction materials (Claus & Lopez, 2022). Waterproof concrete
and steel with appropriate standard properties should be used to prevent corrosion of steel
reinforcement in concrete.

e Considering natural and environmental factors, the materials used should have ecological
properties and should not contain environmental pollutants. In this respect, sustainable building
materials with high recycling rates should be preferred.

e The use of local materials should also be considered in order to reduce the cost of floating energy
structures.
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In the doctoral thesis study titled Sustainable Floating Urban Park Model: The Case of Fethiye, the
floating power plant concrete foundation structure system was designed in a hexagonal form with a
center hollow in order not to block the sunlight required for underwater ecosystems. EPS foam filled
concrete columns with a diameter of 150 cm and a length of 400 cm were placed at the corners of the
floating structure in order to increase the buoyancy and to keep the module balanced in the water.
The column length was determined by considering the wind turbine height (500 cm and 1000 cm).
These columns were placed on the base of the main body consisting of 150 cm high EPS foam filled
concrete material. The six columns were connected to each other from top and bottom with steel
connection elements. A cross connection was provided between all opposing columns and the centre.
Natural looking laminated wood was used as the covering material on the upper part (Table 1).

Table 1. Example of floating renewable energy foundation structure design

:./ /%\

Foundation structure area 205 m? Hexagonal steel column connection
Main body 150 cm Cross steel column connection
Foundation sub-column 150 x 400 cm Centre steel column connection

In order to keep the modules stable under the effect of waves and to prevent displacement, they were
connected to the underwater concrete blocks with a steel anchor system.

3.2. Technical specifications of floating renewable energy systems

The hybrid use of renewable energy systems installed on floating structures provides better results in
different climatic conditions. In this respect, solar energy, wind energy and wave energy are emerging
as technologies that are being used in hybrid use (Habibi, 2015).

Floating solar energy is generally limited to inland water bodies such as lakes, ponds or hydroelectric
dam reservoirs that do not have wave motions. The float consists of the PV modules and their
supporting system, which supports the weight of the modules and transmits the stresses on the float,
electrical equipment, mooring and anchoring elements (Oliveira-Pinto & Stokkermans, 2020).

Wind energy is divided into two types according to the rotation axes of the turbines: horizontal axis
and vertical axis. Horizontal axis wind turbines are systems that have high noise generate and can cause
negative environmental effects. Vertical axis wind turbines are easy to manufacture and install,
produce less noise and can operate in omni-directional winds. In addition, vertical turbines can
generate electrical power at low wind speeds and create more cost-effective performance (Rajpar, Ali,
Eladwi & Bashir, 2021).

Since wave energy is affected by wind pressures and physical conditions, wave height, wave length
and wave period determine the energy to be obtained. Therefore, electricity generation with wave
energy differs from other renewable energy sources. In general, wave energy converters are divided
into three categories as oscillating water column, overtopping devices and wave activated bodies
(Amir, Sharip, Muzanni & Anuar, 2016).

In the doctoral thesis study titled Sustainable Floating Urban Park Model: The Case of Fethiye, the
solar, wind and wave energy systems were used considering the carrying capacity of the floating
structure. For the solar energy panel, 380 W, high nominal power and monocrystalline 72-cell panel
system of Anchor by Panasonic was preferred (Anchor by Panasonic, 2022). Since wind energy is an
important input in renewable energy production, a vertical axis Senwei Energy Technology wind
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turbine with high nominal power was used (Senwei Energy Technology, 2022). Two different mast
lengths of 500 cm and 1000 cm were determined in order to benefit optimally from the wind angle
and the turbine placement was positioned so as not to block the wind angle. For the wave energy
converter, a floating two-body, multi-point, wave absorber converter described in Guo et al. (2022)
was preferred. Since no system suitable for the size of the floating structure and providing energy
calculations was found in the literature, the WaveStar C6-600 kW model wave energy converter
(WaveStar, 2022) was used scaled down to 1:10, to cover the surroundings of the floating structure.
However, an approximate value was taken as a suggestion for wave energy calculation. Technical
details of solar, wind and wave energy company products are shown in Table 2.

Table 2. Solar, wind and wave energy company product features used on the floating renewable energy

structure
SOLAR WIND WAVE
. . Diameter of
Feature Monocrystalline | Rotor diameter 4m 600 cm
the float
Weight 22.5 kg Rotor weight 460 kg :::‘gth of steel 1200 cm
Cells 72 Wing length 4m Maximum 20m
water depth
. 1985 x 1003 x 40 | Commissioning Maximum
Panel size . 2 m/sec . 8m
mm wind speed wave height
Nominal 380 Wp Nominal power 10 kW Nominal power 30 kW
power

In the doctoral thesis study titled Sustainable Floating Urban Park Model: The Case Of Fethiye, the
power values of the hybrid floating energy plant were calculated approximately. The total power
calculations of solar, wind and wave energy systems are given in Table 3.

Table 3. Total power calculations of solar, wind and wave energy systems

S —
/
———© (d \
Solar Energy Wind Energy
Type PV Type Darrieus Savonius
Power 380 Wp Power 10 kW
Number 528 Number 46
Total Installed Power ~ ~200 kW Total Installed Power 460 kW
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Wave Energy

Hybrid Power Plant

Type Reciprocating Converter Solar energy TIC 200 kw
Power 1 kw Wind energy TIC 460 kW
Number 206 kW Wave energy TIC 206 kW
Total Installed 206 kW

Capacity (TIC) TOTAL 866 kW

As a result of the approximate power calculations obtained regardless of the ambient conditions, a
total value of 866 kW was reached. However, since the floating energy structure was developed as a
proposal, energy potential calculations were not performed.

4. Evaluation and Discussion of Hybrid Floating Renewable Energy Plant Example

Floating energy structures can be implemented in protected coastal regions or partially sheltered
waters and offshore areas (Martinez & Iglesias, 2024). Coastal areas and the open seas provide the
large area utilization needed for renewable energy production and support sustainable energy
production. Floating energy systems have many environmental, economic and technological
advantages in coastal areas.

Floating energy structures have advantages such as preventing land loss and deforestation (Bulut et
al., 2018; Diinya Bankasi Grubu, ESMAP & SERIS, 2019; Senli, 2023), preventing soil pollution and
erosion, preventing damage to bird migration routes and ambient creatures, reducing ecological
destruction (Ferrer Gisbert, Ferran Gozalvez, Redén Santafé, Ferrer Gisbert, Sdnchez Romero &
Torregrosa Soler, 2013), obtaining relatively lower ambient temperature required for photovoltaic
systems (Ferrer Gisbert et al., 2013; Bulut et al., 2018; Claus & Lépez, 2022; Senli, 2023). These
advantages are important factors for the development of floating energy systems and increasing their
application areas.

In this respect, evaluations were made regarding the foundation structural features, energy systems
and sustainability dimensions in terms of the development of hybrid floating renewable energy
structure systems in the coastal areas of Tirkiye.

Evaluation and discussion of the floating foundation structure findings:

Floating structures are functional and can be constructed easily and quickly (Kizilova, 2019).
Additionally, it has an easy transport feature (Huang et al., 2023). In this respect, the fact that floating
energy systems consist of modular structures provides easy installation, relocation and transportation
(Kizilova, 2019).
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Sea water causes damage to the durability and functionality of floating structures, photovoltaic
systems and electrical equipment. Therefore, it is necessary to take anti-corrosion measures and
determine the appropriate structural form (Claus & Ldpez, 2022; Huang, Tang, Chen, Chen & Jiang,
2023). The floating renewable energy carrier base structure is made of EPS foam filled concrete
material, which is also mentioned in different literature applications, and is one of the materials that
will reduce the corrosion threat (EI-Shihy ve Ezquiaga, 2019; Amphibious Houses, 2021; Engineered
Foam Products, 2021; STYRO EPS, 2021).

Land reclamation implemented to obtain land area in coastal cities with narrow coastlines creates high
costs for national economies (EI-Shihy & Ezquiaga, 2019). However, the installation of energy systems
on floating modular structures significantly reduces the cost and prevents the change of coastal form.

Floating energy structures do not require site preparation (Diinya Bankasi Grubu et al., 2019). In this
respect, the development of floating energy structure systems facilitates their integration into
Tiirkiye’s coastal areas.

Evaluation and discussion of the hybrid energy systems findings:

It is possible to generate energy from solar, wind, waves, currents and tidal conditions with different
floating energy systems (Chen & Wu, 2024). With a hybrid floating power plant using solar, wind and
wave systems, the sustainability of energy production becomes possible in all climatic conditions.

Floating energy installations make it possible to generate clean energy on existing water resources
without causing any loss of agricultural or forest land in offshore environments (Claus & Lépez, 2022;
Senli, 2023).

The installation of onshore solar panels can damage valuable land that can be used for agriculture,
mining, tourism and other activities (Huang et al., 2023). Floating PV systems prevent land use
conflicts, provide an innovative and sustainable approach.

Floating photovoltaic structures significantly reduce evaporation by reducing the water surface
temperature (Huang et al., 2023). In this respect, the development of floating energy structure systems
contributes to the improvement of the environment by preventing evaporation in water resources.

The cooling effect of water ensures PV systems operate more efficiently (Oliveira-Pinto & Stokkermans,
2020; Claus & Lépez, 2022; Huang et al., 2023; Martinez & Iglesias, 2024). Thanks to the development
of floating energy structures, energy performance increases compared to land installations.

Floating photovoltaic systems are difficult to clean and maintain, so malfunctions may occur within the
system (Huang et al., 2023). The installation of PV systems on floating structure modules offers easier
maintenance and cleaning.

The greater flexibility and scalability of offshore wind energy increases energy efficiency and reduces
environmental impact compared to onshore installations (Hong, McMorland, Zhang, Collu & Halse,
2024). In this way, visual and noise distractions are eliminated.

Floating offshore wind turbines experience more severe environmental loads than fixed offshore wind
turbines (Hong, 2024). The use and positioning of wind turbines suitable for the size of the floating
structure reduces the environmental loads.

Evaluation and discussion of the floating energy structures’ sustainability aspects:

Floating energy systems create 5% less environmental impact than fossil resources and generate
energy by protecting underwater reservoirs (Kizilova, 2019). Thanks to the power to be generated from
the floating energy structure, a solution for efficient and sustainable energy production suitable for
environmental conditions is provided.

If the application dimensions of floating energy systems are studied by the relevant disciplines, it will
be easier to integrate them into the coastal areas of Tirkiye. In this way, renewable energy production
that is integrated with coastal ecosystems and considers environmental sustainability is possible.
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The production of floating energy structures for coastal areas allows the energy required to be met
independently of the grid. Thus, by supporting economic development in coastal areas and increasing
the use of renewable energy resources, Tirkiye’s full independence in energy supply is contributed.

At the same time, it is expected that the carbon footprint will be significantly reduced if the application
areas are increased throughout Tirkiye.

5. Conclusion and Suggestions

Renewable energy sources are important technologies that provide solutions to the global warming
problem. Due to the effects of the global climate crisis, there is a significant growth in land installations
of solar and wind energy in the world. However, the scarcity and high price of available land needed
for renewable energy installations in coastal cities constitute an obstacle to expansion in coastal areas
(Martinez & lIglesias, 2024). In this context, offshore or nearshore environments provide large area
utilisation for renewable energy production and emerge as an alternative (EI-Shihy ve Ezquiaga, 2019;
Martinez & Iglesias, 2024).

While a large portion of energy production in Tlrkiye comes from fossil resources, floating solar power
plant applications on dam lakes are also frequently encountered today (Senli, 2023). The fact that
Tirkiye is surrounded by seas on three sides and there are densely populated urban settlements in
coastal areas indicates that renewable energy generation should be increased on the seas as well.
However, Tirkiye's coastal areas generally have narrow borders and the open lands needed for
renewable energy installations are insufficient. For this reason, in coastal areas with intensive energy
consumption, energy needs are generally met from the grid, increasing public costs. However, the
production of different types and sizes of hybrid floating renewable energy technologies and
establishing relations them with coastal areas will support Tirkiye’s green energy generation and
facilitate the achievement of sustainability goals.

As a result, hybrid floating renewable energy structures are necessary to meet the energy needs in
Turkiye’s coastal areas, as they will minimise environmental damage and provide sustainable energy
supply. At the same time, it creates advantages that play an important role in reducing Tirkiye's
ecological footprint, provide coastal cities with a new added value and identity in terms of energy,
increase social environmental consciousness and awareness, and contribute to the economy. At this
point, new decisions are being made in the legislation regarding offshore installations in our country
and strategic targets and goals are being determined in energy generation. However, since there are
no hybrid combinations of floating energy systems in Tirkiye today, it is necessary to study the
developments and innovative solutions in floating renewable energy technology in the future. In order
to increase the applicability of floating energy systems for Tirkiye, the following recommendations
should be considered.

e Hybrid renewable energy systems should be decided by taking into account factors such as Tiirkiye’s
climatic characteristics, environmental conditions and social dimensions.

e Sustainability criteria should be taken into consideration when determining the material use,
structural form and size of floating energy structure modules.

e Numerical analysis methods should be developed for optimum location selection of floating energy
structures.

e Cost reports should be prepared as an example for future studies.

e R&D and scientific activities should be carried out for the development of floating renewable energy
structures.

e Inorder toincrease its use in coastal areas of Tirkiye, all design and implementation stages should
be detailed in the laws and regulations.
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