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Abstract : The present work offers general information about present-day and developments in offshore renewable 

energy, specially of wind, wave and the solar energy harnessing structures. In the introduction, the authors raise 

awareness of the despite more untapped potentials that exist in the oceans and the offshore Wind Energy Market that is 

experiencing a steep rise in the recent past due to technological advancement and the great policies that support this 

energy source. This mainly focuses on the very huge additionality of offshore wind power and the improvements in 

floating solar PV systems. 

Section three outlines an assortment of studies that were done by different writers on the strengths and weaknesses 

of offshore renewable energy technologies through a meta-analysis of the literature. The method of data extraction 

revolved around several factors, namely technological admissibility, resource identification, location and environmental 

and economic factors. The sources used comprised of scholarly articles published within the peer reviewed journals in 

the period of 2013 to 2024, to ensure that the study offered a comprehensive analysis on the technological 

advancements. 

The results and discussion section gives an analysis of the results achieved and demonstrates the developments in 

Offshore Wind Energy, Wave Energy Conversion, and Floating Solar PV Systems. Thus, offshore wind energy is 

described as the rapidly evolving segment and particular focus is made on the floating wind farms and their 

advancements in the aspects of power density and structural stability. Wave energy converters are discussed regarding 

their applicability to complement hybrid electricity production despite limited data on the devices’ performance. 

Another key feature is that the FFPV systems are reported to be more efficient and cheaper than the land mounted 

systems. 

Thus, the article emphasizes the need to produce the further literature on offshore renewable energy, political 

support, and cooperation between different sectors. It concludes that an offshore renewable energy has the potential for 

the future development due to advancement in the technology as well as due to environmental factors. 

Keywords: offshore renewable energy, solar energy, wave energy, wind energy  

 

 
 
1. INTRODUCTION 

 

The demands of energy have augmented in the 

recent past which has prompted much interest on the 

offshore resources for wind, wave and solar energy. [1] 

Offshore renewable energy represents one of the most 

promising ranges of options in the search for the future 

of the planet. Moving concerned the usage of ocean 

power, we face quite immense and still unexplored 

potential in the forms of absolutely constant and 

seemingly inexhaustible wind, wave, and solar energies. 

Technological advancement has signaled this potential in 

recent years and notably offshore energy via vectors like 

wind, waves, currents, tides, etc. [2] Progress in floating 

solar PV technology enables us to produce electricity 

with astounding effectiveness while overcoming 

limitations like limited access to land resources; also, the 

system’s durability is optimized. [3] 
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growth as well as constant change. Marine environment 

offers a special chance to develop the renewable energy 

sources like wind, which has recently undergone rapid 

development because of changes in policy environments 

and radical enhancement in technical capabilities. [2] 

Wave energy technologies despite being at their infancy 

are implemented to capture the ocean’s wave energy and 

are part of a diverse power source which is secure and 

reliable. [4] 

Use of non-renewable sources to generate energy is 

on the decline in the developed countries of the OECD 

membership. On the contrary, the Offshore Wind-Energy 

industry is growing rapidly with the current Compound 

Annual Growth Rate of 15. 1% in OECD countries in 

2016 [5][6] and over four-fold from 1200MW in 2016. 2 

GW to 18. 7 GW between 2010 and 2017 [7]. 

Offshore wind has become a success story of the 

renewable power sector supported by the advancement 

in technology such as floating platforms where winds are 

even stronger several miles off the coast. [3] Blending 

floating PV with wind and wave systems will transform 

the generation of electricity by providing zero emissions 

solutions and cohesiveness between the types that 

ultimately improves the efficiency with which electricity 

is produced. [3] The issues for future offshore renewable 

energy sources still encompass the creation of economic 

efficient harvesting techniques. [8] 

Our study of this novel area provides understanding 

of the overall picture of related technologies. It seems we 

are witnessing the emergence of the so-called ‘floating 

photovoltaic systems’, with the observed tendencies of 

installation costs being lower that, combined with the 

effective ways of thermal control that could contribute to 

the increase in performance by 5-7% as compared with 

the systems installed on the land. [3] As we continue to 

see the efficiency of offshore wind farms as given by 

newly developed sensor technologies in the maintenance 

of wind farms then these energy projects promise to be 

economically efficient in the enhancement of system 

reliability. [3] 

Wave energy utilization also has a great potential in 

the generation of offshore renewable energy resources. 

Hydro electric generators which convert the mechanical 

motion of the water waves into electrical power are 

reliable source of energy. From the series of 

advancement, wave energy technologies are still in the 

developmental stages, but they can support the hybrid 

systems more efficiently and provide power consistently 

with the other renewable energy systems. Floating solar 

system also increases the efficiency of wave energy by 

incorporating it with photovoltaic floating technique [3] 

Innovation 2023 Designing the future of wave energy. 

The integration of offshore wind and wave energy 

systems with the integration of floating solar PV is a 

good strategy of production of energy in the sea. Energy 

storage systems proposed in [9] It is potentially a zero-

emission system that can interconnect with other 

renewable power systems to inspire competition between 

energy storage systems and other renewable energy 

resources. Therefore, as the offshore renewable energy 

goes on, it is rather evident that this innovative niche 

expands and holds a great promise for a green and 

conscious world. In our modern society, research has 

shown a rich potential of offshore energy such as wind, 

wave, current and tides. [2] 

Given these appraisals, most countries are working 

to avoid further ongoing warming by slashing carbon 

emissions [10]   and OWE is gradually becoming a 

feasible strategy in this process. The development of the 

offshore wind-energy source is phenomenal, which 

reflects the growing attention and confidence in getting 

involved in the usage of renewable energy. Such 

increase in capacity of offshore wind generation can be 

attributed to increasing technology efficiency, better 

policies and regulatory environment, and inherent 

suitability of the offshore wind conditions at the sea. [11] 

As the global population attempts to decrease the amount 

of carbon emissions and distinguish itself in the 

continuous process of climate change, Offshore wind 

energy seems to be an ideal solution. This makes the 

offshore wind farms service the energy demands of 

coastal regions and even provide energy to the inland 

regions due to their scalability and efficiency. This 

transformation to the use of renewable energy is in 

conformity with the global move towards the phase out 

of the excessive utilization associated with the creation 

of energy that is both sustainable as well as with minimal 

carbon content. There were preceding concerns voiced in 

the literature by other authors, for instance, [12] or [13]. 

This paper uses a large body of literature and 

syntheses/noteworthy meta-analyses from forty-one 

international studies [14], which studies the spatial 

industry trends of offshore wind energy, which gives an 

understanding of how offshore wind energy is planned 

and developed according to best practices. [15] 

These turbines are able to produce significant 

capacity of electricity, the place for Offshore wind farms 

are suitable for coastal areas and can export powers to 

the inland areas as well. Next, there is wave energy that 

we can consider as another forward area of the offshore 

renewable energy production. This is because just like 

the normal electrical devices, wave energy devices 

harness the mechanical wave movement and convert it 

into an environmental friendly electricity. [16] Similarly, 

[17] reportedly that wave energy has the potential to 

transform the world and boost its economy. 

Collectively, these documents identify abundant 

opportunities in the development of offshore renewable 

energy and stressed the need for continued research and 

implementation of policy for offshore renewable energy 

for the greater good for the future. [18]  

 

2.  MATERIALS AND METHODS 

 

The following part of this paper describes the 

systematic approach applied for the evaluation of the 

existing and potential potential of offshore REFs with 
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conversion equipment. This study adopted a review 

research methodology whereby the previous studies on 

this subject were considered with the following 

techniques; literature review, meta-analysis, and an 

assessment of cases to determine the recent 

developments and innovation in this field. 

 

2.1. Literature Search and Selection Criteria 

 

Thereby, the systematic literature review was 

carried out after searching the electronic databases such 

as Clarivate Analytics, Elsevier in addition to other 

scholarly repositories such as Web of Science, Scopus, 

Google Scholar. In our research, key terms such as 

“offshore renewable energy”, “offshore wind power,” 

“wave energy conversion”, “offshore solar energy” and 

similar specifications tightly connected with the 

mentioned field were employed during the search 

process. The criteria for inclusion of articles included the 

articles that were published in refereed scholarly journal 

articles between 2013 and 2024 with emphasis on the 

articles that have made considerable inputs to 

advancement of technology and research in sustainable 

energy. [15] 

In this research article, we applied a wide cross-

section of peer-reviewed research studies to build a 

composite knowledge of technological practicability, 

advantages, and complications connected with hybrid 

offshore energy systems that involved wind, wave, 

hydro, and solar energy. [19][20] Thus, the data 

extraction and analysis for offshore wind energy were 

techno‐ logical and showed that a floating wind farm 

could establish power densities of up to 57. 5 MW/km^2, 

which is much higher than individual SCs with steadier 

power co-efficients. [3] 

Moreover, in the case of wave energy we 

established the use of hybrid systems of offshore wind 

and WECs stressing the possible advantage of such an 

approach in terms of overall efficiency and system 

availability. But, there is limited research on technical 

guidance to limit the insertion of such practices. [12] 

Based on solar energy, trends suggested an increase in 

implementing floating photovoltaic systems because of 

the operational efficiency and lower costs compared to 

fixed-on-land systems. [3] Last, environmental reviews 

revealed impacts of renewable technologies on the 

environment with a focus to the benefits of FSOPs on 

water quality [3] all the PDF sources provided 

significant insights that helped in developing the 

comparative analysis of the state of the art in offshore 

renewable energy harvesting. 

 

2.2. Data Extraction and Analysis 

 

What we did is to grab data from the chosen 

publications as comprehensively as possible so that all 

the characteristics relating to deployment and 

performance of offshore renewable energy technologies 

are covered. We had several parameters on board 

through which a lot of scattered knowledge from 

different papers was aggregated and synthesized for us to 

get a complete picture of the technology landscape. 

The extraction prioritized both qualitative and 

quantitative data points, including types of technology 

(which were fixed-bottom, floating wind turbines, wave 

energy converters, solar panels), operational principles 

(aerodynamic, hydrodynamic, photovoltaic efficiencies), 

installed capacity (megawatts installed and potential 

megawatt capacity), efficiency (energy conversion 

rates), locations of deployment (geo-spatial distribution 

of technology installations), environmental impacts and 

economic aspects (cost and benefit analyses, potential 

environmental mitigation strategies). 

The data that was collected underwent an extensive 

approach: 

Technological Feasibility and Infrastructure: To 

evaluate infrastructure progression over time, it took into 

account the maximum viable water depth for fixed-

bottom and floating foundations. [15] These parameters 

are used in selecting sites for wind energy installations 

because they determine whether these technologies can 

be located and deployed or not. [21] 

 Resource Assessment:  

This component encompassed wind resource evaluation 

involving model-based estimates, satellite observations 

to map and predict power densities, as well as practical 

assessments of wind farm capacities. It ranged from 

local to global scales taking into account operational 

costs related with resource assessment. [15] 

 Site Selection Analysis:  

Site selection studies were considered when selecting 

ideal locations for OWE developments. The number of 

GIS parameters used, maximum water depth restrictions 

applied for both fixed-bottom and floating foundations 

and resolution of wind and bathymetric data were some 

site selection parameters. [15] 

 Planning Assistance for OWDE:  

Studies that fell under planning assistance were reviewed 

in terms of the approaches they used, which included 

economic and parameter weighting analytical 

techniques. [22] These had different analysis approaches 

starting from cluster analysis to Bayesian belief 

networks such as evaluating spatial industry trends and 

involving expert opinions. [15] 

 Economic plus Environmental factors:  

These comprise studies that gave insights into the 

economic efficiency of various offshore renewable 

technologies and their environmental impacts. This 

covered technology life-cycle considerations, energy 

cost-effectiveness. [23] 

 

2.3. Meta-Analysis 
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emerging trends of the subject region’s practices. We 

evaluated statistical data from literature sources on 

offshore wind energy, focusing on aspects such as GIS 

studies’ resolutions about offshore wind energy 

installations site selection and viability of floating 

technologies. [15] 

 

2.4. Case Study Evaluation 

 

Case studies were meticulously chosen to 

provide practical applications and real-world examples 

of offshore wind, wave, and solar energy systems. The 

criteria for selection included the representation of each 

technology’s potentiality and its challenges. Examples 

gave out crucial information concerning how each type 

of energy harvesting system was designed, operated with 

efficiency, produced power and required maintenance 

[15] [12] [3] [24]. 

 

3. RESULTS AND DISCUSIONS 

 

Progressing forefront of renewable energy studies 

gives light of optimism for enduring energy creation, 

distinctively within offshore territories. Following 

sections, it shall be shown the ensemble of expansive 

exerts and reviews excerpted from many scholarly-

reviewed papers, mainly aiming at offshore wind, wave, 

and solar power mechanisms. The assembly of these 

outcomes does not solely mirror state and performance 

of such technologies but additionally highlights swift 

technical advancements, ecological ramifications, and 

monetary opportunities these frameworks include. The 

merged perceptions aspire to portray elaborate scenery 

of offshore renewable energy domain, showing 

advancement and possibility buttressing their place as 

keystones in future energy lattice. This delve into newest 

factual validations aims to reinforce comprehension on 

how each green technology functions within offshore 

scenario, interplay amongst diverse energy gathering 

methods, environmental elements needing handling, plus 

fiscal practicality that may be tapped. 

We’re studying offshore renewable energy because 

of the global need to move to cleaner, more sustainable 

energy in the face of climate change. Decarbonising, 

especially in the energy sector which is a big chunk of 

global emissions, is a key goal. As the land-based 

renewable energy capacity is nearing saturation, the 

marine environment offers a huge and largely untapped 

opportunity for growth. Researching offshore renewable 

energy technologies (wind, wave, solar) is important for 

innovation, cost reduction and minimisation of 

environmental impacts. The study is also important 

because we need technological advancements to harness 

these resources, we need to replace fossil fuels and there 

are big environmental and economic benefits and 

opportunities from offshore renewable energy. [18] 

This section discusses the progress in offshore wind 

energy, the latest insights in wave energy conversion, the 

breakthroughs in floating solar PV systems and the 

environmental considerations that come with these. [4] 

[2] We want to capture the momentum that is driving the 

offshore renewable energy sector towards a more 

sustainable and economically viable future. 

 

3.1. Offshore Wind Energy 

 

Our extensive review revealed that offshore wind 

energy represents one of the most promising and rapidly 

advancing sectors in renewable energy technologies. 

Analysis indicates that offshore wind farms, especially 

those utilizing floating platforms, have seen significant 

growth in both technological sophistication and 

deployment scale. Floating wind farms have been 

recognized for their capacity to harness wind energy 

more effectively, with potential power densities reaching 

up to 57.5 MW/km^2, a substantial improvement over 

traditional fixed-bottom installations. [25] [26] This 

advancement is attributed to stronger, more consistent 

wind patterns offshore and the ability of floating 

platforms to be sited in deeper waters where winds are 

more abundant. [3] 

Research has also underscored the reduced 

variability in power generation associated with floating 

wind farms—power variations have been predicted to 

decrease by approximately 68% in comparison to their 

land-based or fixed-bottom counterparts, leading to a 

more reliable energy output. This stability is crucial for 

integrating wind energy into the power grid and for 

ensuring a consistent supply to meet energy demands. 

[3] 

 

 
Figure 1 Even ‘floating’ wind turbines still have 

large underwater foundations to keep things stable.  

Figure processed by the authors on the basis of 

information presented in [27] , Accesed on 23 June 2024 

 

The deployment of cutting-edge technology like 

sensors and data analysis tools is making a significant 

impact in offshore wind farms. These gadgets identify 

maintenance issues early. This reduces downtime. 

Furthermore it enhances reliability. This is crucial for 

maintaining such projects profitably in the long haul [28] 

[29]. 

While the growth of offshore wind energy is 

promising, the sector faces notable challenges. These 
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to withstand harsh marine conditions. [30] [31] 

Nonetheless recent technological advancements and 

supportive policies bode well for this industry. It is 

poised to play a pivotal role in our sustainable energy 

future. [3] 

 
Table 1.Comparative analysis of the advantages 

and disadvantages of using different types of renewable 

energy capture technologies 

Type Advantages Disadvantages 

Onshore 

Wind 

Turbines 

Established and 

mature technology 

  

Lower installation 

and maintenance 

costs compared to 

offshore [3] 

Potentially lower 

wind speeds than 

offshore 

Land use 

limitations and 

possible conflicts 

with residential 

areas 

Offshore 

Wind 

Turbines 

Access to higher 

and more consistent 

wind speeds 

Less visual and 

noise impact on 

populations [3] 

Higher installation 

and maintenance 

costs due to marine 

operations 

Limited to 

shallower 

waters, usually 

up to 50 meters 

depth [3] 

Floating 

Offshore 

Wind 

Turbines 

Accessible for 

deployment in deep 

water areas beyond 

the limits of fixed-

bottom turbines 

Reduced visual and 

acoustic impact due 

to distance from 

shore [3] 

Still in the early 

stages of 

commercialization 

and can have 

higher costs 

Potentially higher 

maintenance 

challenges and 

costs due to 

dynamic marine 

environment [3] 

Hybrid 

Systems 

Diversification of 

energy sources 

leads to a more 

stable energy output 

Potential for 

combined 

efficiencies and 

reduced 

infrastructure costs 

[3] 

Increased 

complexity in 

design and 

integration 

 

Likely higher 

initial research and 

development costs 

and need for 

advanced 

technology [3] 

 

4.2. Wave Energy Conversion 

The extraction of energy from ocean waves has 

shown remarkable progress. There is spectrum of wave 

energy converters undergoing advanced stages of 

development and testing. Our review uncovered that 

certain hybrid systems amalgamate offshore wind 

turbines with wave energy converters. These systems 

demonstrate the capacity to complement wind energy. 

They provide additional outputs ranging from 2 to 3 MW 

from wave energy on the same platform. This enhances 

overall system productivity. [12] For instance, the 

W2Power platform is designed to produce a total of 10 

MW. Its wave energy component contributes a 

significant portion. [12] 

 
Figure 2 Offshore wave energy convertor. Figure 

processed by the authors on the basis of information 

presented in [32] , Accessed on 11 May 2024 

 

Operational efficiency has also been greatly 

improved with these transducers; Studies have shown 

that hybrid systems, such as a spar buoy with integrated 

WEC, can significantly reduce movement stresses by up 

to 23%, thereby reducing maintenance requirements and 

extending the life of the platforms structural length 

increases. [12] Although promising, current wave energy 

conversion technologies face challenges such as the lack 

of long-term performance data and the need for a robust 

optimization strategy to fully harness, respected, wave 

energy potential calculated to be 100 kW/m average 

power at 1 -m wavefront [4] Methodology. These 

findings recommend a more focused and coordinated 

approach to R&D in wave energy conversion systems, 

making the most of the large and sustainable ocean 

energy 

Based on the analyzes of different types of wave 

energy conversion, it is clear that both seasonal variation 

and site-specific wave energy characteristics 

significantly influence the potential electrical output, 

highlighting the importance of selection of consumption 

devices function appropriately and are installed to 

maximize energy harvesting emphasis. [33] 

 

4.3. Solar Energy Harvesting 

 

Solar energy harvesting, especially through floating 

photovoltaic systems, is an area of great interest in 

renewable energy. Studies show that FPVs can increase 

energy efficiency by 3-6% by using the cooling water. 

[3] When applied in water, significant water loss can 

also be prevented by evaporation. [3] These designs use 

non-toxic recyclable materials such as durable 

polyethylene, capable of operating over a wide 
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variety of climatic conditions [3]  

In addition, economic analysis shows that FPV is a 

cost-effective alternative to conventional ground-based 

solar and floating wind power [3] These innovations 

provide sustainable development from small initial 

installations, such as a 20 kW system in Japan, to large 

scale prototypes such as a 40 MW project in China, 

demonstrating the scalability and application of this 

technology faster. [3] 

While the current references mainly focus on the 

benefits of FPV technology, future research could 

examine FPV using other renewable energy sources, 

which could provide opportunities for energy generation 

systems the capacity and robustness have been improved 

., n.d) Furthermore, developments in this area can 

influence innovative product design and contribute to 

informed decision making regarding the use of 

renewable energy . 

Mixing FPVs with sea-based green power sources, 

like wind and water power, shows the broad plan we're 

using to make energy more stable and cover the world's 

energy needs better [34] [3]. As the rules change to help 

more use of green power [24], FPVs keep marking a big 

step in our aim for a clean and safe energy future. [2] 

 

4.4. Environmental Impact Analysis 

 

Looking into how green energy systems can harm or 

help our world is key for keeping our planet healthy. 

Floating solar panels show a lot of promise for doing 

good things for nature. For example, putting these panels 

on water can help keep the water cool by shading it. This 

is very important to keep water life safe [3] Also, placing 

them in the sea means we use less land, causing less 

harm to the earth. [15] 

Moreover, shifting our energy sources to include 

power from the sea helps fight human-caused climate 

warming. These smart tech methods can cut down 

harmful gas releases by adding to the clean energy we 

get from land. [24] Combining different kinds like FPVs 

with sea wind plants can also make our green energy 

more dependable. This helps protect our environment by 

lowering the harm energy production does to it. [2] 

The push for offshore renewables, such as wind and 

sun structures, isn't always handiest aligned with the 

decarbonisation goals of the shipping zone through 

mitigating maritime emissions [24], but is also 

instrumental in enjoyable broader global aims to reduce 

the impact of climate alternate, a task that poses 

significant risks to both humanity and biodiversity. [15] 

As the era develops, it's far imperative to recollect the 

operational- and renovation-associated effects on marine 

habitats, ensuring that the quest for cleanser electricity 

does no longer compromise the fitness of our oceans. [2] 

In the end, FPVs and different offshore renewable 

strength structures are essential within the shift toward a 

lower carbon future, no longer simplest in terms of 

strength era performance however also in lowering the 

ecological footprint of electricity production, thereby 

contributing to the energy sector's alignment with 

environmental conservation and climate mitigation 

objectives. [35] [24] 

 

Table 2. The impact of renewable energy 

capture technologies on the environment 

 

 

Descriptors 

Offshore 

wave 

energy 

Offshore 

solar 

energy 

Offshore 

wind energy 

Ecosystem 

disruption 

Can alter 

marine 

habitats and 

affect 

marine life 

due to 

underwater 

devices and 

mooring 

Limited 

direct 

interaction 

with marine 

life; may 

affect water 

flow and 

temperature 

May disrupt 

undersea life 

during 

installation; 

noise affects 

marine 

mammals. 

Creates 

artificial reefs 

Visual 

Impact 

Relatively 

low; 

structures 

mostly 

below 

waterline or 

minimally 

visible 

above 

surface. 

Moderate 

impact 

depending 

on 

installation 

size and 

platform 

transparenc

y. 

Significant 

impact due to 

tall turbines 

visible from 

shore. 

Noise 

Pollution 

Underwater 

noise during 

installation 

and 

operation 

could affect 

marine life. 

Generally 

low; 

occasional 

noise 

during 

maintenanc

e. 

Construction 

and 

operational 

noise affect 

marine life 

and shore 

activities. 

Shipping 

Navigation 

Navigation 

hazard if 

near 

shipping 

lane; 

requires 

careful 

siting. 

Requires 

marking to 

avoid 

collisions; 

sited away 

from major 

shipping 

lanes. 

Requires 

buffer zones, 

alters 

shipping 

routes; 

turbines 

visible to 

ships. 

Fishing 

Activities 

Could 

restrict 

fishing’ may 

benefit fish 

populations 

as arficial 

reefs. 

Limited 

fishing 

access; 

potential 

conflicts 

with fishing 

interests. 

Limits fishing 

near turbines; 

provides new 

habitats and 

attracts fish. 

Bird and 

Bat 

Fatalities 

Low risk; 

devices 

mostly 

submerged. 

Limited risk 

to birds; 

some 

waterbird 

collision 

risk, bats 

generally 

unaffected 

Collision risk 

for birds and 

bats, lower 

impact 

compared to 

onshore 

turbines. 

Habitat 

Creation 

Creates new 

habitats 

around 

Floating 

systems 

could offer 

Turbine 

foundations 

create 
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organisms. 

artificial reefs 

support 

marine 

biodiversity 

 

 

This paragraph tries to synthesize environmental 

effect insights through interweaving facts from the 

provided references. [3] [15] [24] [2] However, the 

numbers and facts specially associated with 

environmental impacts are quite constrained within the 

given excerpts. 

 

4.5. Comparative Analysis 

The increasing pursuit of offshore renewable energy 

has brought offshore sun, wind, and wave electricity 

harvesting into sharp focus. When assessing the 

collective capability and fee efficiency of these systems, 

several research verify the capacity financial blessings. 

For instance, floating photovoltaic systems were 

determined to be less expensive than similar potential 

wind-based totally floating power units, with efficiencies 

further stepped forward due to the cooling effects of 

water increasing electric output by using three-6%. [3] 

Furthermore, the monetary feasibility of wave energy 

converters built on offshore farms has been deemed 

attractive, supplying competitive levelized expenses of 

strength, internet gift fee, and fees of sales returns. [3] 

Offshore wind strength remains one of the most 

mature and broadly carried out varieties of marine-

primarily based renewable power. The price of strength 

for such systems changed into suggested at 0.21 

USD/kWh. [36] However, the growing intensity of water 

significantly influences the financial viability, with 

constant-backside foundations being commonly suitable 

as much as a intensity of 50 meters. [15] Beyond this, 

the capital prices rise extensively, doubtlessly making 

floating wind solutions extra economically sound in 

deeper waters. [37] 

Wave energy harvesting is emerging as a promising 

contender, specially when included with different 

renewable assets like wind farms. [12] The precise factor 

of wave energy is that it offers a greater steady output 

than solar or wind because of the regularity of wave 

styles, yet it's far currently limited by using better capital 

prices and a want for endured technological refinement 

and long-time period information to enhance its 

monetary standing. [4] 

 

Table 3. Classification of different types of 

renewable energy capture technologies 

 

Type Concept Floating 

structure of 

Foundation 

Country 

Wind 

turbine 

Retractable 

blade type 

wind turbines, 

Floating (Spar 

platform, 

Tension leg 

Various 

Hemispherical 

oscillators 

platform, 

Semisubmersible 

platform), 

Bottom-fixed 

(Monopile, 

Gravity-based, 

Jacket types) 

Combine 

Wind and 

Wave 

Energy 

Hydraulically 

coupled wind 

and offshore 

wave power 

systems 

Floating 

platforms (Spar 

floater, Tension 

leg platform, 

Semisubmersible 

platform) 

Various 

Wave 

Energy 

Converter 

Oscillating 

offshore 

column type, 

Wave-

activated 

oscillating 

body type, 

Overtopping 

conversion 

type 

Floating and 

Bottom-fixed 

structures 

Various 

Hybrid 

Wind and 

Wave 

Energy 

W2Power, 

Combined 

Floating Wind 

turbine- Wave 

Energy 

Converter 

Floating Spain, 

USA 

Wave 

Energy 

Converter 

Motion 

suppression 

device for 

floating wind 

turbines 

Floating USA 

Combined 

Wind and 

Wave 

Energy 

Combined 

spartype 

floating wind 

turbine and 

floating wave 

energy 

converter 

(STC) system 

Floating (Spar 

type) 

Norway 

 

In the end, even as FPVs exhibit decrease 

operational costs and enhanced performance, offshore 

wind energy advantages from set up generation and 

infrastructure. Wave power calls for similarly research 

for fee reduction but proposes a precious complementary 

aid. Decisions on the most fulfilling mix of those 

technology will depend on web page-unique elements, 

consisting of resource availability, water intensity, and 

environmental constraints [3] [15] [36] [12] [4] 

 

5. CONCLUSIONS 

In conclusion, the furnished documents 

spotlight the revolutionary improvements and diverse 

approaches to harvesting renewable energy in offshore 

settings around the arena. Technologies consisting of 

floating photovoltaic systems, offshore wind farms with 

each fixed and floating systems, and wave energy 

converters illustrate the dynamic and adaptive nature of 

this industry. Countries like Japan, California in the 

USA, Spain, and China had been pointed out as places 
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capitalizing on water bodies as valuable real estate for 

clean power generation. The integration of offshore wind 

and wave strength systems presents a ahead-questioning 

approach to maximizing power seize from marine 

environments. Notably, while precise information of all 

technology' deployment, including countries and 

foundation structures, aren't comprehensively designated 

in the documents, they set up a clean fashion of growing 

global interest and funding in offshore renewable power 

as a crucial part of our transition to a sustainable 

electricity destiny. 

The obstacles present in the supplied documents 

center around a few key issues associated with offshore 

renewable electricity technologies: 

1. Technological Maturity: Some offshore 

technologies, specifically wave electricity converters, are 

nevertheless inside the developmental or demonstration 

phase and feature now not reached the extent of 

industrial deployment that offshore wind has performed. 

They require similarly research and development to 

enhance value-performance and reliability. [12] 

2. Economic Feasibility: The monetary viability 

of offshore strength structures can be a giant task. While 

floating photovoltaic structures display promise in 

phrases of value, the set up and upkeep of offshore wind 

generators can be expensive, especially in deeper waters 

wherein floating systems are necessary. [3] [12] 

3. Environmental Concerns: There is a 

capability effect on marine ecosystems that desires to be 

cautiously managed. The creation and operation of 

offshore strength systems can disturb marine life. The 

long-term environmental effects need ongoing 

evaluation and consideration to make certain that the 

blessings of easy power do not come on the cost of 

marine health. [2] 

4. Energy Conversion Efficiency: Current wave 

strength conversion generation has lower strength output 

compared to offshore wind turbines, with strength 

production from WECs normally being an order of 

significance smaller. [12] 

5. Infrastructure Challenges: Offshore power 

structures require sturdy infrastructure for both 

installations and for transmitting electricity to onshore 

grids. This can involve complex engineering challenges, 

particularly in harsh marine environments. [3] 

6. Political and Financial Support: Offshore 

renewable energy tasks regularly require full-size 

prematurely funding and supportive guidelines to 

incentivize development. Limited investment sources 

and converting regulatory landscapes can prevent 

development. [2] 

These barriers propose that even as the ability 

for offshore renewable strength is sizable, there are 

sizeable hurdles that want to be addressed thru sustained 

studies, innovation, policy aid, and collaborative efforts 

between enterprise, governments, and communities. 

The perspectives on offshore renewable energy 

mentioned within the provided documents are forward-

searching and indicate some of pathways for 

improvement and integration into the energy blend of the 

future: 

1. Technological Advancement: There's terrific 

ability for technological enhancements in offshore 

renewable power systems, inclusive of floating 

photovoltaics, offshore wind turbines, and wave 

electricity converters. As these technologies mature and 

scale up, they're likely to turn out to be more price-

powerful and efficient. [3] 

2. Hybrid Systems: Combining of multiple and 

different offshore renewable power such as solar, wind 

and wave electricity, should lead to greater constant 

strength output and system optimizations. These hybrid 

structures should combine electricity capture methods to 

maximize the use of marine area and decrease prices. 

[12] 

3. International Proliferation: Different nations 

are committed to offshore renewable energy exploration 

and investment, worldwide. As technology and policy 

advances, it is likely that most of the regions in global 

spectrum will adapt these systems for an essential energy 

supply with safeguarding the greenhouse gas (GHG) 

emission. [3] 

4. Environmental and Economic Benefits: 

When appropriately designed and managed, offshore 

renewable energy has the potential to provide 

considerable environmental advantages through the 

production of clean energy and reduced land utilization. 

From an economic perspective, these technologies can 

offer potential cost savings in the long term, particularly 

as their adoption and integration into global energy 

systems increase. [2] 

5. Policy and Regulatory Frameworks: 

Persistent advancement of assisting policy alongside 

regulatory structures will hold crucial importance in the 

encouragement of offshore renewables. This 

encompasses inducements for investment, simplified 

processes for permits, in addition to global collaboration 

concerning standards as well as environmental optimal 

practices. [2] 

6. Grid Integration and Infrastructure: When 

referring to infrastructure improvements, including 

advanced grid integration strategies and storage 

solutions, the focus must be to accommodate the variable 

nature of renewable energy and to transport electricity 

from remote offshore sites to onshore demand centers. 

[3] 

The present investigation endeavors to 

conceptualize an avant-garde system for the harvesting 

of energy in offshore settings. This system amalgamates 

tripartite modalities of solar wave and wind energy 
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centerpiece of the proposed system is an aquatically 

ambulant platform. The platform is augmented 

comprehensively with photovoltaic panels. An intricate 

assemblage of generators is also included. All are 

conjoined through an elaborate nexus of transmission 

conduits. This facilitates a coherent and uninterrupted 

flow of electrical energy to terrestrial destinations. 

Instrumental to the operational integrity of this maritime 

energy apparatus is array of sophisticated environmental 

instrumentation. These instruments are tasked with the 

continuous appraisal of critical environmental metrics. 

Such metrics include the intensity of solar radiation. 

They also include the velocity of wind currents. 

Additionally, the amplitude of oceanic undulations is 

measured. This scholarly endeavor accentuates the 

principles of sustainability and operational efficiency. 

These principles are intended to navigate the 

multifaceted intricacies and prospects concomitant with 

the domain of maritime energy extraction. 

 

Figure 3 Personal design, proiection of an offshore 

harvesting barge (wind energy, solar energy, wave) 

The burgeoning imperative to expand renewable 

energy portfolio has stimulated heightened interest in the 

exploration of offshore energy sources. These sources 

have the potential to drastically augment the global 

renewable energy capacity. [38-40] Offshore set-ups, 

encompassing the vast expanse of seas and oceans. 

These offer a veritable treasure trove of renewable 

energy resources. These include wind wave and solar 

energy. 

Overall, the perspectives from these documents. 

These recognize significant untapped potential in 

offshore renewable energy. They advocate for ongoing 

efforts in research policy and cross-sector collaboration. 

These initiatives aim to fully realize the benefits of these 

energy sources for a sustainable future. 
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