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 

Abstract—The world is constantly seeking new sources of 

energy to replace the use of coal and fossil fuels to generate 

electricity. And a strong source of energy from the ocean is one 

of the hopes of scientists around the world. Ocean energy is an 

endless renewable energy source for making electricity used for 

the world. The ocean can produce two types of energy, thermal 

energy from the sun's heat and mechanical energy from tides 

and waves. Wave and tides power, the two main forms of 

harnessing energy from the ocean, are likely to grow 

significantly in the future, in terms of both installed capacity 

and investments. This paper presents an overview of 

applicability and new techniques for wave energy and tides. 

 
Index Terms— Renewable Energy; Ocean Energy; Wave 

Energy; Tidal energy. 

 

I. INTRODUCTION 

In modern life, the quality of human life depends very 

much on energy resources, so the exploitation and use of 

energy are particularly concerned by countries. Traditional 

sources of energy such as fossil fuels, hydropower and 

nuclear power have met most of the needs of nations, but the 

use of these energy sources has certain limitations. Fossil 

energy is not renewable and at the current rate of use, 

scientists predict that in about 70 years the fuel will be 

depleted. We know that crude oil, natural gas and coal are 

all fossil fuels and that “Fossil fuel” is the general 

expression used to describe any type of “hydrocarbon” 

material that can be burnt or used as a fuel releasing its 

energy as heat [1]. They are called hydrocarbons because 

their chemical structure is based on a combination of 

hydrogen and carbon atoms. Under extreme heat and 

pressure, these atoms bond together and create long chains 

of molecules made up of hydrogen atoms attached to a 

backbone of carbon atoms. Once formed, hydrocarbons can 

exist in an almost infinite number of combinations, each 

with its own unique properties from a solid to a gas [2]. 

There are many uses for oil and sooner or later these 

underground oil reservoirs will be completely exhausted. 

Although it is estimated that there is enough crude oil left 

for about the next 40 to 50 years within the Earth’s crust at 

the present pace of consumption, eventually the cost to 

recover those last few drops of oil deep within the Earth’s 

crust will be beyond the value of the oil itself [3]. This is 

because crude oil is a thick, black liquid hydrocarbon that is 

pumped from underground up a narrow pipe to the Earth’s 

surface it must first be refined before we can use it as a fuel 

for our cars or for heating. 

Although oil has a high net energy yield and can be very 

helpful to us in many different ways, it can also be very 
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harmful. One of the major problems associated with oil is 

the air pollution that it creates when burned [4]. Oil is one of 

the major causes of smog which is a type of air pollution [5]. 

Smog is created when oils are burned in places like power 

plants, industrial plants, and cars, releasing toxins [6] such 

as carbon dioxide into the atmosphere and which itself is 

classed as a type of harmful greenhouse gas [7]. Also oil 

pollution in the oceans and seas from oil leaking from our 

cars and other machinery which can then washed into the 

ocean through drains or oil spills from ships [8]-[10], oil 

tankers and oil rigs directly into the seas, can cause 

tremendous harm to ocean life[11]-[13]. 

According to the latest IEA data, the world fossil energy 

consumption in 2015 still accounts for 81.4% (the rest is 

new energy or renewable energy). In 1973, this proportion 

was 86.7% (of which oil alone accounted for 46.2%). So 

after 42 years, the world only reduced 5.3% of fossil energy 

consumption thanks to the slight growth of clean energy. It 

should be noted that global natural gas production tripled 

and coal doubled since 1973. Global CO2 emissions derived 

from fuel combustion have doubled during this period. 

Under the Paris Agreement, to limit global warming by 2°C 

by 2100, global emissions must be reduced from 40% to 

70% by 2050 (compared to 2010 levels). 

Biomass is available in all three basic forms of matter: 

Solid, Liquid, and Gas, which themselves can be sub-

divided into primary (produced by direct use of solar energy 

through photosynthesis) and secondary (generated by the 

decomposition or conversion of organic substances) 

products. Liquid Conversion of Biomass – another exciting 

alternative energy is the production of biomass fuels called 

Biofuel [14]. Biofuel is liquid fuel made from biomass, 

usually from plant matter. There are many types of biofuel 

with some common ones including methanol and ethanol, as 

well as synthetic gasoline, biodiesel, and aviation fuels. 

Ethanol is a major biofuel alternative to gasoline. Standard 

internal combustion engines can use a mixture of up to 10% 

ethanol. If it is an engine that improves fuel use in biology, 

this ratio may be much higher. Ethanol is produced using the 

enzyme of some types of yeast along with sugar making 

biomass [15]. Ethanol has a number of notable properties: 

when it burns, it only produces carbon dioxide that has been 

previously absorbed, thus reducing greenhouse gas 

emissions by 90% compared to petroleum-based fuels, it can 

be produced domestically or purchased in foreign markets at 

low prices and tested technology. Although proven to be 

good for cars, ethanol cannot replace JP-8 because its 

energy density is low; moreover, the disadvantage of this 

fuel is its high corrosion. The biodiesel is produced by the 

conversion of "ester", with the main materials being 

rapeseed and soybean, in addition to using hemp, mustard, 

palm oil, animal fat and oil taken from waste plants. With 

current technology, biodiesel can be produced to mix into 

Ocean Energy - A Clean Renewable Energy Source 

Phuoc Quy Phong Nguyen, Van Huong Dong 

http://dx.doi.org/10.24018/ejers.2019.4.1.1062


    EJERS, European Journal of Engineering Research and Science 
Vol. 4, No. 1, January 2019 

DOI: http://dx.doi.org/10.24018/ejers.2019.4.1.1062                                                                                                                                  6 

gasoline at a rate of up to 5% without harming the engine 

[16]. In addition, this fuel has some limited properties, 

because its freezing point is nearly 0°C so it is more freeze 

than other fuels, so the viscosity increases and can cause 

harmful effects such as clogging the engine's filter. 

However, this problem can be overcome by increasing the 

ratio of bio-diesel to diesel oil to about 20%. Water 

produced during biodiesel production also condenses when 

fuel is stored and may be a corrosive agent for engine parts 

[14],[17]. 

Current biotechnology has found new solutions. It is 

producing biofuels from microalgae's biomass. Biomass and 

lipid content in cells of microalgae are considered as 

"potential sources" for biofuel production, because of their 

high photosynthetic capacity, large biomass production and 

rapid growth. more than the crops used in the previous 

bioenergy industry. On the other hand, microalgae have the 

ability to use CO2 in metabolic processes, thus contributing 

to reducing the greenhouse effect. Moreover, microalgae can 

be used to produce high value compounds such as 

carbohydrates, hydrocarbons and natural oils. Therefore, 

microalgae are considered as a potential material source for 

biodiesel production, and can completely replace fossil 

diesel in the future. The idea of  using microalgae as fuel 

sources is seriously recognized by scientists due to the 

increase in world oil prices, fossil fuel sources in nature are 

gradually depleted and more important is global warming 

related to burning fossil fuels [18]. 

Most people use the terms “alternative energy”, 

“renewable energy” and even “green energy” together in the 

same sentence when taking about energy sources as though 

they all mean the same thing, but they are not the same. 

Each term means something different when talking about 

various types of energy systems [19]. For example, when we 

talk about alternative energy we think of wind turbines and 

solar panels. Renewable energy technologies use these 

devices to convert the wind and sunlight into usable forms 

of energy with zero emissions [2],[20]-[28]. 

The ocean is an endless renewable energy source for 

making electricity used for the world. In general, the theory 

of potential energy assessment of the ocean can reach 

100,000 TWh/year (while the world electricity consumption 

is 16,000 TWh/year) [26]. In recent years the world has 

been widely interested in the energy of ocean waves. 

Exploiting the ocean to produce electricity from the vast 

ocean wave in the world's oceans is a solution to our energy 

problem. The transition to ocean wave resources alone can 

provide a huge portion of the power requirements of many 

European countries such as Northern Ireland, Denmark, 

Portugal, Spain and other countries. The US Institute of 

Electrical Energy Research has calculated the electrical 

wave energy along the coast of U.S [27]. can produce about 

2,100 TWh / year. That output accounts for half of US 

electricity demand. In the UK, experts estimate that 

seawater can guarantee them up to 25% of their energy 

needs [22],[29]-[32]. 

Although there are still many unknowns about the effects 

of large and tidal wave exploitation systems on marine 

ecosystems, there are still many opinions that potential 

benefits are not to be missed. More than 800 times heavier 

than air, strong flowing water has the ability to exert very 

strong force [34]-[36]. Like the sun and wind, energy from 

the fluctuations of the ocean is free and clean. But ocean 

energy is more predictable than solar or wind because waves 

begin to form thousands of miles away from the coast and 

take days to peak, while tides depend on cycles. of the 

moon. Predictability makes it easier to balance supply and 

demand. 

Marine technology was once considered too expensive to 

be a viable source of alternative clean energy, especially 

compared to already developed products such as wind and 

solar [24]. However, with the increased price of oil and the 

issues of global warming and national security, U.S. coastal 

sites are looking to add ocean energy to their renewable 

energy portfolios. This paper gives an overview of ocean 

energy technologies, focusing on four different types: wave, 

tidal, marine current, and ocean thermal energy conversion 

(OTEC) [25]. It outlines the operating principles, the status, 

and the efficiency and cost of generating energy associated 

with each technology. 

The development of ocean energy projects is carried out 

in Europe and America. In Europe, ocean wave electrical 

devices have been tested since 60s of the last century. In 

Spain in the years 2011-2020, the Renewable Energy 

Planning Institute boldly invested to research and develop 

relatively strong wave energy, has implemented many 

projects. It is calculated that in Spain it is possible to ensure 

that 42.3% of energy consumption is renewable energy by 

2020 [28]. There are many technologies available to turn 

ocean wave energy into electricity and it is still unknown 

today [22]. 

Although we know that projects that exploit energy from 

the ocean will be very expensive, we believe that with the 

accumulated experience and production scale raised, the 

price will be lower and the technology will be improved to 

Hydrodynamic energy becomes an alternative energy 

source. In addition, the future taxation of carbon dioxide 

will reduce the price difference as well as raise the level of 

support for green energy [29].  

Renewable energy or renewable energy is the energy 

from continuous sources that, according to human standards, 

are as limitless as solar, wind, rain, tide, waves and 

geothermal [20]. The basic principle of using renewable 

energy is to extract part of the energy from continuous 

processes in the environment and put it into technical uses. 

These processes are often promoted especially from the Sun. 

Renewable energy replaces traditional fuel sources in four 

areas: power generation, hot water heating, engine fuel, and 

rural independent power systems [2],[31]. 

Non-renewable energy sources such as coal, oil and gas 

are gradually exhausted and become scarce. Scientists are in 

the process of researching new energy sources, including the 

estimated total sea energy of 152.8 billion kW [42]. This 

type of energy is hundreds of times larger than the energy 

that all animals and plants need to grow on earth. 

Sea waves are a potential source of energy, which can be 

developed and widely used in the renewable energy 

industry. The system of ocean wave energy exploitation is 

located deep in the sea, where fixed turbines or floating 

buoys will be difficult to operate effectively. Therefore, the 

turbines should be connected to cylindrical floating buoys 

and placed under the seabed with gravity anchors [21],[30]. 
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Water pressure is 832 times greater than air pressure, so 

the movement of water will produce much more energy than 

wind power. To install a system to produce energy from the 

tide does not need to spend too much money and the cost to 

maintain is very low [48]. The tide is always active every 

year, this is a renewable energy source that brings the 

highest efficiency and especially with the lowest cost [39]. 

 

II. WAVE ENERGY 

Waves and tides are used to rotate power generation 

turbines. The power produced can be used directly for 

marine equipment such as lighthouse, buoy, jetty, 

navigational system, etc. 

Utilizing tidal energy sources is really a turning point in 

clean energy production, not polluting the environment [32]. 

The Norwegians have connected their national electricity 

grid with electricity from the first water turbine, whose 

energy is generated by rotors turned by sea currents. It is 

expected that by the end of the first years of the 21st 

century, they will complete construction of the next 20 

factories. The Norwegian power plant has the advantage that 

no renewable energy source is available that is completely 

independent of the weather. Despite the situation, wind or 

wind, sun or rain ... tidal currents are still unaffected and the 

current generated still has a constant capacity [26]. The 

British also have similar investment plans. Although the 

idea of building a tidal power plant is not new, the 

Norwegian method of exploitation is very creative. This 

type of technological equipment was firstly built and 

installed in the river mouth by the French since 1967. That 

project is still active and has a capacity of 240 MW. The 

same pilot plants also appear in China, India, Canada and 

the Russian Federation. 

Recently, turbines with a much larger capacity (300 kw) 

were first connected to the national electricity network. The 

impeller in the bottom of the water is fixed to the sea floor. 

Works at the Kvalsund Strait, near the Norwegian coastal 

city Hammerfest. Equipment with a tonnage of 200 tons. 

Norway intends to install 20 such turbines, ensuring the 

electricity supply to the town of 1.1 thousand people. The 

cost of construction is about 50 million Norwegian crowns 

(US $ 20 million) [25]. 

The principle of operation of power plants using 

harnessed seawater is the same as traditional hydropower 

plants (Fig. 1): At first the water is filled with special 

"containers", spinning the turbine to generate electricity, 

then The water from the container escapes back to the 

ocean. On H.1, the Pelamis system collects energy from 

ocean waves [37]. 
 

 
Fig. 1. Archimedes Waveswing Courtesy of AWS Ocean Energy 

 

Besides the strong side that is not polluting the 

environment, power plants that use sea energy are still 

inevitable. Similar to the case of river dams, this type of 

power plant also creates an insurmountable barrier to 

seafood and makes it difficult for waterway traffic. Because 

of that reason, the French Government temporarily halted 

the plan to build the next 20 works. According to gender 

estimates opposed to construction, for example - only one 

dam on the Rhine also upset the marine environment within 

a radius of 500 km (Fig. 2) [37]. 
 

 
Fig. 2. Wave Dragon Courtesy of Wave Dragon 

 

Besides the strong side that is not polluting the 

environment, power plants that use sea energy are still 

inevitable. Similar to the case of river dams, this type of 

power plant also creates an insurmountable barrier to 

seafood and makes it difficult for waterway traffic. Because 

of that reason, the French Government temporarily halted 

the plan to build the next 20 works. According to gender 

estimates opposed to construction, for example - only one 

dam on the Rhine also upset the marine environment within 

a radius of 500 km [38]. 

Wave energy is a concentrated form of solar energy. It is 

generated by the action of wind blowing over the surface of 

seawater, which can be used as a renewable energy source. 

When the sun rays hit the Earth's atmosphere, they warmed 

it up. The difference in the temperature of the air mass 

worldwide causes air to travel from hotter regions to colder 

regions, creating wind. 

When the wind passes through the ocean surface, some of 

the wind's kinetic energy is transmitted to the water surface, 

creating waves. We can say that "Wave energy" is a form of 

wind energy indirectly causing the movement of water on 
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the ocean surface. By collecting wind energy, the wave 

motion is converted into mechanical energy and used to run 

the generator. In many respects, the technology used to 

capture this wave energy is similar to tidal or hydroelectric 

energy [36]. 

 

 
Fig. 3. Pelamis Courtesy of Pelamis Wave Power 

 

Wave energy device is a module. Easily combined with 

additional wave energy devices added as needed. 

 

 
Fig. 4. AquaBuoy Courtesy of Finavera Renewables 

 

 
Fig. 5. PowerBuoy Courtesy of Ocean Power Technologies 

 

Although Pelamis has beaten all companies out of the 

commercial door, OPT is still actively pursuing, with plans 

to install generators according to the first commercial scale 

buoy system in the North America next year (Fig. 4). This 

system - covering an area of about 1 square mile and like 

many other power systems, will be installed away from the 

traffic lanes of the ship - capable of producing about 2 

megawatts of electricity. In September 2008, OPT also 

announced an agreement to install a 1.4-megawatt mining 

system off Spain. Another Australian subsidiary also agreed 

to a joint venture to develop a 10-megawatt electric mining 

system off the coast of Australia (Fig. 5). 

Wave energy is considered a non-polluting and renewable 

energy source. Especially related to toxic emissions during 

operation. Wave energy devices do not generate pollutants 

and greenhouse gas emissions such as carbon dioxide and 

nitrous oxide related to burning fossil fuels to generate 

electricity [37]. Stationary wave energy conversion devices 

use pressure fluctuations produced in long tubes from the 

waves swelling up and down. This bobbing motion drives a 

turbine when critical pressure is reached. Other stationary 

platforms capture water from waves on their platforms. This 

water is allowed to runoff through narrow pipes that flow 

through a typical hydraulic turbine. Wave energy is proving 

to be the most commercially advanced of the ocean energy 

technologies with a number of companies competing for the 

lead [38]. 

However, almost all forms of electricity generation, 

whether renewable or conventional, will affect the 

environment in some form or shape, but it is often assumed 

that wave energy, which is an Clean can be self-replenishing 

for a short time, less environmental degradation than some 

other forms of renewable electricity generation [21]. 

 

III. TIDAL ENERGY 

It was not until the 90s of the last century that a method 

of utilizing the tidal energy was the cleanest way: the 

"millers" under the water, they turned by moving sea 

currents. first installed in the Loch Lihne area, in Scotland, 

in 1995. It was tied to the anchor at the bottom of the sea 

and created only a power source of 15 Kw [39]. 

Tidal or electric tidal energy is the amount of electricity 

obtained from the energy contained in the water movement 

by the tides. Currently, some parts of the world have 

deployed a system of generators using tidal energy [40].  

In order to obtain energy from waves, the method of 

water column oscillation is used. The waves flowed into the 

coast, pushing the water level up in a large room built inside 

the coastal strip, partially submerged under the sea. When 

the water rises, the air inside the room is pushed out by a 

hole into a turbine. When the wave recedes, the water level 

drops inside the room to suck air through the turbine in the 

opposite direction. The rotating turbine makes a generator to 

produce electricity [41]. 

Producing tidal power or tidal energy is a way to turn 

tidal energy into electricity or other useful energy. In order 

to obtain energy from waves, the method of water column 

oscillation is used. The waves hit the coast, pushing the 

water level up in a large room built inside the coastal strip, 

partially submerged under the sea. When the water rises, the 

air inside the room is pushed out by a hole into a turbine. 
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When the wave recedes, the water level drops, inside the 

room, it draws air through the turbine in the opposite 

direction (Fig. 6). The rotating turbine turns a transmitter to 

produce electricity. These turbines have wings that rotate in 

the same direction, regardless of the direction of air flow. 

But this new system also has its problems, the transmitters 

attached to seawater are corroded faster, the maintenance 

costs are quite high. Moreover, machines are large and 

bulky, which can interfere with waterway traffic and wild 

life. However, according to calculations by experts, the cost 

of producing tidal power is 0.1USD / kilowatt, higher than 

the price of hydroelectric and thermal power and equivalent 

to the cost of wind power motor [25]. However, unlike 

hydropower production, which may be interrupted by 

floods, tides can provide a stable source of energy. These 

values make tidal power generation the most appropriate 

form of electricity production for green growth.[42]. 

 

 
Fig. 6. SeaGen Courtesy of Marine Current Turbines Limited 

 

 
Fig. 7. Rotech Tidal Turbine Courtesy of Lunar Energy Ltd 

 

Tidal energy is exploited by two ways, the tidal current 

kinetic energy turns the turbine to generate electricity and 

the dam prevents the potential energy between the high and 

low tide [43]. 

The first tidal power plant was built at the Rance River in 

France in 1966 with a 240 MW installed capacity of 24 

turbines. With a 750 m long dam and 22.5 km2 tidal area, 

this is the world's largest tidal power plant (Fig. 7). 

Sihwa Lake Tidal Power Plant, with a capacity of 254 

MW in Korea, is under construction and is expected to be 

completed in 2011. Also there is an 812 MW tidal dam 

project near Ganghwa Island, expected Northwest 

Northwest. completed in 2015 and the 1,320 MW tidal bar 

around Incheon western islands is expected to start in 2017 

(Fig. 8). 

The other tidal situation arises during neap tides 

(minimum) when the gravitational pull of the moon and the 

sun are against each other, thus cancelling their effects. The 

net result is a smaller pulling action on the sea water 

creating much smaller differences between the high and low 

tides thereby producing very weak tides. Neap tides occur 

during the quarter moon phase. Then spring tides and neap 

tides produce different amounts of potential energy in the 

movement of the sea water as their effects differ from the 

regular high and low sea levels and we can use these tidal 

changes to produce renewable energy. So we can say that 

the tides are turning for alternative energy. 

 

 
Fig. 8. Open-Centre Turbine Courtesy of OpenHydro 

 

This turbine has wings that rotate in the same direction, 

regardless of the direction of the flow of air. But this new 

system also has its problems, the transmitters attached to 

seawater are corroded faster, the maintenance costs are quite 

high. Moreover, machines are large and bulky, which can 

interfere with waterway traffic and wild life. However, 

according to calculations by experts, the cost of producing 

tidal electricity is 0.1USD / kilowatt, slightly higher than the 

price of gas and coal and equivalent to the cost of a wind 

power motor [44]-[55]. 

With advantages such as low cost, no harm to the 

environment, green energy sources such as solar, wind, 

especially power generation from tidal energy are 

considered as an alternative energy source. useful, being 

developed by many countries. Currently, La Rance Power 

Plant in France, with a capacity of 240,000 kWh, is one of 

the largest tidal power plants in the world. 

Producing tidal power or tidal energy is a way to turn 

tidal energy into electricity or other useful energy. In order 

to obtain energy from waves, the method of water column 

oscillation is used. The waves hit the coast, pushing the 

water level up in a large room built inside the coastal strip, 

partially submerged under the sea. When the water rises, the 

air inside the room is ejected by a hole into a turbine. When 

the wave recedes, the water level falling inside the room will 

draw air through the turbine in the opposite direction. 
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Turbine rotates as a generator to produce electricity[56]-

[62]. 

The tidal current system reduces some environmental 

impacts by using turbine generators below the water surface. 

Large tidal currents and ocean currents can be exploited to 

release tidal energy using underwater propellers and 

turbines. 

 

IV. CONCLUSION 

The benefits of hydrodynamic energy for the environment 

are quite clear: no carbon dioxide or any fossil fuel-related 

emissions. There is no oil spill incident, no radioactive 

waste. And for those individuals who object to the 

construction of the ocean-based system for aesthetic 

reasons, it will also be gratifying that the construction areas 

will not be visible from the mainland, the fan-type 

Windmills are designed to submerge underwater until they 

are brought up for maintenance. 

Clean energy or renewable energy or renewable energy is 

the energy extracted from continuous and infinite sources 

such as solar, wind, rain, tide, waves. Basic principles for 

energy use This is the separation of a portion of energy from 

continuous processes in the environment by various 

technical means; The advantage of this energy source is 

clean, available in nature, no pollution, no exhaustion and 

the best solution to save fossil energy for the future. 

The conclusion shows that tidal energy has a lot of 

potential to compete with other types of clean energy such 

as wind energy, solar energy, etc. The cost to operate tidal 

energy will be increasingly reduced thanks to goods. series 

of research as well as innovation. 

However, towards ocean energy, the report shows that the 

development situation needs to be more focused to achieve 

price competition compared to other clean energy types. 
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