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Abstract - Electricity is playing a fast expanding role in our 

economy and cultures. Between 1990 and 2016, the demand 

for electricity doubled globally, growing faster than the 

growth in fuel use. Currently, the vast majority of this power 

is produced on land, and the vast majority of offshore energy 

activity is related to the supply of hydrocarbons (more than 

one-fourth of the world’s oil and gas production is produced 

from offshore fields). However, offshore renewable energy 

generation has been picking up steam, primarily due to 

offshore wind and, to a lesser extent, due to other marine 

technologies. 

Utilizing wave motion, wave energy devices produce 

electricity. They can be erected close or along the beach, but 

the amount of resources they may potentially harvest is 

constrained because energy is lost owing to friction with the 

seafloor. They might also be found offshore, at tens of meters 

of depth, where there are higher opportunities for energy 

harvesting. Currently, pilot initiatives are being established, 

mostly in the UK, Portugal, and Ireland. In Japan and 

Hawaii, there are already two grid-connected ocean thermal 

energy conversion (OTEC) plants operating, and there are 

numerous other experimental and commercial OTEC projects 

planned globally. As with the Toronto Deep Lake Water 

Cooling System, fluctuations in water temperature can also be 

a source for heat pumps or cooling systems, with the potential 

to offer district heating and cooling services in coastal urban 

areas. The largest floating solar installation is a 40 MW 

facility that debuted in Huianan, China, in 2017. Floating 

solar is a concept that has already been implemented in a 

number of inland lakes and reservoirs. In the Netherlands, a 

significant offshore pilot project is anticipated. 
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INTRODUCTION 

The search for clean, carbon-neutral, and renewable energy 

sources is being sparked by the effects of carbon emissions 

and other contaminants, which are driving up worldwide 

population and energy consumption at a rapid rate. While 

solar and onshore wind technologies have made significant 
strides over the past few decades, it is unlikely that they 

will be able to meet all of the world's electricity needs on 

their own. The resource's volatility and a lack of sufficient 

land space are two of the key causes of this restriction. As 

a result, new and dependable energy sources are being 

suggested and researched. Offshore renewable energy 

sources that operate in the oceans and open seas have been 

chosen as acceptable substitutes that can significantly 

increase the mix of the energy sources[1]. Between 

260,000 and 330,000 TWh/year have been calculated as the 

theoretical resource from offshore technologies, including 

offshore wind, wave, and tidal energy [1]. This holds 

enormous potential that, if fully realised, would be able to 

meet the electric energy needs of coastal regions, distant 
islands, and more broadly of all nations with direct access 

to the sea. The oceans, however, are a hostile environment 

that is challenging to access and work in, with more 

restrictions and challenges than on-land initiatives[2]. In 

order to successfully extract offshore resources, a number 

of technical, financial, logistical, and environmental 

hurdles must be overcome. 

In this paper we will discuss about tapping of  energies 

from offshore renewable energies viz.,Wave energy, Tidal 

energy,Wind Energy and Solar Energy for powering 

Ships,Submarines  and other Marine transport without the 
usage of fossil fuels . 

A. Offshore Resources 

Wave Energy: Another sort of ocean-based renewable 

energy source that harnesses the energy of the waves to 

produce electricity is ocean wave energy, also known as 

Wave Energy. Wave energy employs the vertical 

movement of the surface water that creates tidal waves as 

opposed to tidal energy, which depends on the ebb and 

flow of the tides.  

Wave power converts the periodic up-and-down movement 

of ocean waves into electricity by placing equipment on the 

ocean's surface that captures the mechanical energy 
produced by the wave movement and converts it into 

electrical power[3]. 

In reality, waves are a concentrated form of solar energy 

produced by the wind's movement across the ocean's 

surface. The Earth's atmosphere warms up as a result of the 

sun's radiation. Winds originate from the movement of air 

from hotter to cooler locations due to variations in the 

temperature of air masses around the world. 

As the wind blows across the ocean's surface, some of the 

wind's kinetic energy is transferred to the water below, 

causing waves. 
In fact, the ocean could be viewed as a vast storage 

collector of solar energy transferred to the oceans, with 

waves carrying the transferred kinetic energy across the 

ocean's surface. Then we can say that waves are a type of 

energy, and that it is this energy, rather than water, that 

moves along the ocean's surface. 



 

 

 

 
Fig:1 

Waves carry energy from where storms created them far 

out in the ocean to a shoreline. A typical ocean wave, on 
the other hand, does not resemble a perfect sinusoid; 

instead, it is more irregular and complex than a simple 

sinusoidal wave. Because real sea waves contain a mixture 

of waves with different frequencies, wave heights, and 

directions, only the steady up-and-down movement of a 

heavy swell resembles a sinusoidal wave much more than 

the chaotic nature of locally generated wind waves. 

 
Fig :2  Structure of a wave 

Ocean wave energy has several advantages over ocean 

wind energy, including being more predictable, less 

variable, and having higher available energy densities. 

Wave energy systems are classified as either shoreline, 

near shore, or offshore depending on the distance between 

the energy conversion device and the shoreline. 

Classification of various wave power devices are discussed 
below. 

Shoreline devices: are wave energy devices that are 

attached to or embedded in the shoreline, allowing them to 

operate both in and out of the water. 

Near shore devices: are distinguished by their use of wave 

power extracted directly from the breaker zone and the 

waters immediately beyond the breaker zone (i.e. at 20m 

water depth). 

Offshore or deep water devices: are those that extend 

beyond the breaker lines and take advantage of the high 

energy densities and higher power wave profiles available 
in deep water waves and surges. 

 
Fig:3 Wave power devices 

 

Tidal Energy: Tidal Energy, also known as Tidal Power, is 

a type of hydropower that uses the vast energy source of 

the ocean tides to generate electricity. Tidal Energy is a 

"sustainable energy source" because the Earth constantly 
uses the gravitational forces of both the moon and the sun 

to move vast amounts of water around the oceans and seas, 

resulting in tides[3]. 

The gravitational movement of the moon and sun with 

respect to the earth causes millions of gallons of water to 

flow around the Earth's oceans, causing periodic shifts in 

these moving bodies of water. These vertical shifts in water 

are referred to as "tides."  

 

Fig 4:Devices to Generate Power Through Tides 

When the gravity of the earth and the moon align, the 

influences of these two gravitational forces become very 

strong, causing millions of gallons of water to move or 
flow towards the shore, resulting in a "high tide" condition. 

Similarly, when the earth's and moon's gravitational forces 

are 90o apart, the influences of these two gravitational 

forces are weaker, and the water flows away from the shore 

as the mass of water moves to another location on the 

earth, resulting in a "low tide" condition. 

The generation of electricity from tides is similar to 

hydroelectric in many ways. The difference this time is that 

the water flows in and out of the turbines in both directions 

rather than just one. 

Tidal energy, like hydro energy, converts moving water 
into clean energy. The motion of tidal water, caused by 

gravity's pull, contains a lot of kinetic energy in the form of 

strong tidal currents called tidal streams. 

The daily ebbing and flowing of the ocean tides along a 

coastline and into and out of small inlets, bays, or coastal 

basins is similar to the flow of water down a river or 

stream. 

Offshore Wind power: 

Offshore wind power, also known as offshore wind energy, 

is the energy extracted from the force of the winds at sea, 

converted into electricity, and distributed to the onshore 
power grid. 

The share of offshore wind generation increased from 9.7% 

in the third quarter of 2019 to 11% in the third quarter of 

2020, according to the latest available energy trends figures 

from the Department for Business, Energy and Industrial 

Strategy (BEIS). In comparison, solar accounts for 5.6%, 

while bioenergy and waste account for 12.7%.[4] 

With approximately 10GW in operation off its coasts, the 

United Kingdom has the world's largest installed capacity 

of offshore wind. The North Sea is regarded as the engine 



 

 

 

room of the United Kingdom's green and resilient future 

economy, with the North Sea leading the world in offshore 

wind technology[5]. 

Germany ranks second in terms of cumulative installed 

offshore wind capacity, with China a distant third.  

 
Fig 5: Growth of offshore wind farms in the world 

Hornsea 1 is the world's largest offshore wind farm, located 

in the North Sea. It has 174 turbines, covers 407 square 

kilometres, and generates 1.2GW of green energy off the 

coast of Lincolnshire. That's enough to power more than a 

million homes with renewable energy. 

The United Kingdom and its European neighbors have 

been cooperating on the flow of green and clean electricity 
from offshore wind farms.  

 
Fig 6:Offshore Wind mills Generating Electricity 

Offshore Solar panels generating electricity: 

Solar power is another method for reducing fuel 

consumption on board ships. Recent advancements in solar 

cell and photovoltaic (PV) module technologies have 

resulted in solar power becoming a low-cost fuel-saving 

option on pleasure boats, ferries, and tourist vessels. 

However, the amount of fuel saved by using solar power 
alone on large ships is relatively small. As a result, the 

concept of a commercially viable solar ship appears 

impractical at the moment. 

Perhaps, rather than having a ship with rigid sails or a ship 

with solar panels, it would be better to design a system that 

could harness the power of both the wind and the sun? The 

difficulty in developing such a solution would be dealing 

with numerous practical issues related to the use of sails 

and solar panels on large powered ships operating in harsh 

marine environments. 

However, the concept of combining wind and solar power 
is not new; in the 1990s, a patent was granted in the United 

States for a solar powered electric ship concept that 

included a traditional soft sail fitted with photovoltaic cells. 

 
Fig 7:Solar powered ships 

 

Conclusions: 

An overview of the current opportunities and challenges in 

the use of offshore renewable energy is provided. Oceans 

and marine areas have enormous potential for electricity 

generation. In this regard, a significant distinction between 

theoretical and economic potential must be made. If the 

former represents the overall physical availability of the 

resource, the latter represents the resource's final potential 

after taking into account technical, social, environmental, 

and economic constraints. As a result, any assessment of 
the energy that can be converted from offshore winds, 

waves, and currents must account for these constraints. 

Nonetheless, because the marine environment can provide 

a consistent, continuous, and predictable source of energy, 

any effort should be made to harness it. 

some devices' performance must be improved, while the 

gap between consolidated and novel technologies must be 

bridged. Depending on the maturity of the technology, this 

can be accomplished in a variety of ways. For established 

technologies such as offshore wind turbines, efforts will be 

made to improve device reliability and longevity in order 

to maximize availability and power production, extend the 
life cycle, and reduce operating costs. The focus for novel 

technologies such as wave energy converters will be on 

improving power capture and conversion, while 

engineering devices will be for surviving in the harshest 

conditions. For most devices, investigation and improvements 

of both kinds will be needed in order to obtain an effective and 
efficient technology As a result, a number of impediments to 

offshore renewable significantly contributing to global energy 
production remain. However, appropriate mitigation measures 

exist and should be implemented. Government and public-
sector assistance has been and will continue to be critical until 

the technologies are fully matured. This will allow us to meet 
our sustainability goals while also creating new jobs and 

investment opportunities. 

REFERENCES 
[1] Kolliatsas C. Offshore Renewable Energy: Accelerating the 

Deployment of Offshore Wind, Tidal and Wave Technologies. 

Abingdon: Earthscan; 2012. 

[2] Giovanni Rinaldi Offshore Renewable Energy submitted feb22 nd 

2019Reviviwed feb7th 2020 DOI: 10.5772/intechopen.91662  

[3] López I, Andreu J, Ceballos S, Martínez de Alegría I, Kortabarria I. 

Review of wave energy technologies and the necessary power-

equipment. Renewable and Sustainable Energy Reviews. 

2013;27:413-434. DOI: 10.1016/J.RSER.2013.07.009 



 

 

 

[4] Arapogianni A, et al. Deep water—the next step for offshore wind 

energy. European Wind Energy Association (EWEA). 2013. 

Available 

from: http://www.ewea.org/fileadmin/files/library/publications/reports

/Deep_Water.pdf  

[5] Sheng W, Li H, Murphy J. An improved method for energy and 

resource assessment of waves in finite water depths. Energies. 

2017;10:1188. DOI: 10.3390/en10081188 

[6] Rinaldi G, Crossley G, Mackay E, Ashton I, Campbell M, Wood T, et 

al. Assessment of extreme and metocean conditions in the Maldives 

for OTEC applications. International Journal of Energy Research. 

2019;43:7316-7335. DOI: 10.1002/er.4762 

[7] Canadian Geographic. Tidal Turbine Prototypes. 2019. Available 

from: https://www.canadiangeographic.ca/article/nova-scotias-first-

stream-tidal-turbine-starts-producing-power [Accessed: 10 July 

2019]. 

 
 


