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Abstract

Generation of energy across the world is today reliant majorly on fossil fuels. The burning
of these fuels is growing in line with the increase in the demand for energy globally. Con-
sequently, climate change, air contamination, and energy security issues are rising as well.
An efficient alternative to this grave hazard is the speedy substitution of fossil fuel-based
carbon energy sources with the shift to clean sources of renewable energy that cause zero
emissions. This needs to happen in conjunction with the continuing increase in the over-
all consumption of energy worldwide. Many resources of renewable energy are available.
These include thermal, solar photovoltaic, biomass and wind, tidal energy, hydropower,
and geothermal. Notably, tidal energy exhibits great potential with regard to its dependabil-
ity, superior energy density, certainty, and durability. The energy mined from the tides on
the basis of steady and anticipated vertical movements of the water, causing tidal currents,
could be converted into kinetic energy to produce electricity. Tidal barrages could channel
mechanical energy, while tidewater river turbines can seize the energy from tidal currents.
This study discusses the present trends, ecological effects, and the prospects for technology
related to tidal energy.
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1 Introduction

The global demand for electrical energy has quickly risen in the modern times. According
to the International Energy Agency (IEA), the share of demand accounted by electrical
energy rose considerably during 1990-2017, with electrical energy accounting for around
40% of the total energy utilised in 1990 and that number being expected to rise to 50% in
2030 (Jeftrey 2017). The demand for energy worldwide is primarily met by fossil fuels like
natural gas, oil, and coal that accounted for 88.1% of the overall demand for energy in 2009
(oil 34.8%, coal 29.2%, and natural gas 24.1%) (Kadiri et al. 2012). In 2017, production of
electricity from various other sources decreased: oil 32.0%, coal 27.1%, natural gas 22.2%,
renewable energy 13.80%, and nuclear 4.9% (Fig. 1) (Newell et al. 2019). Conversely, in
2018, share in electricity production altered radically in some areas; for example, elec-
tricity produced by coal decreased by around 50% over 2017, and the share in renewable
energy decreased by 3% (Newell et al. 2019). Moreover, the share of other resources like
natural gas, nuclear, and oil rose swiftly.

Notably, fossil fuel reserves are likely to drain off progressively in the coming years
(Kadiri et al. 2012). The prices of fossil fuels have risen intensely, and this would continue
due to consumer demand and falling reserves. Moreover, the burning of fossil fuels emits
greenhouse gases, especially carbon dioxide, the key reason behind climate change and
global warming.

The COVID-19 pandemic of 2020 radically altered the global demand for energy
(Abiad and Rosa Mia Dagli 2020). According to the International Energy Agency (IEA),
the demand for energy might fall in 2020 for oil (—9%), coal (—8%), natural gas (—5%),
and nuclear (—2%), while that for renewables might rise 1%. Even though the uncertainties
thrive, the impending GDP and electricity consumption trends are uncertain in the longer
term (IEA 2020a; Dorn et al. 2020). The latest studies have indicated that the range of eco-
nomic growth directions espoused by the majority of energy outlooks is extremely slimmer
compared to the past records. According to IEA estimations, the emissions might fall by
around 8% in the present year, going back to the 2010 levels (IEA 2020a). Nonetheless,
in the absence of major changes in municipal policies for dealing with climate change, a
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Fig. 1 World energy demand comparison from 2015 to 2018 (Newell et al. 2019)
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switch back to the economic development might indicate a retreat to greenhouse gas emis-
sions growth.

In 2020, the capacity for renewable electricity would fall by 13% as against 2019, the
nation’s first downward movement since 2000 (Hale et al. 2020). This refers to a 20%
downward revision as against our earlier estimate wherein 2020 was projected to be the
best ever year for renewable power. Notably, the majority of these delayed ventures are
likely to be online in 2021, triggering a bounce back of capacity additions. Consequently,
2021 is estimated to nearly touch the level of renewable capacity increases of 2019 (Hale
et al. 2020). In spite of the bounce back, the joint growth in 2020 and 2021 is around 10%
lower as against the earlier IEA estimate (Fig. 2) (IEA 2020a). China and the USA are
likely to witness a rise in capacity additions in 2020 and 2021 as against 2019. The discon-
tinuing of subsidies in China and the termination of tax credits in the USA (in 2020 and
2021, respectively) (Fig. 2) is driving project development. However, both countries are
likely to offer certain flexibility, permitting projects to be commissioned next year without
sacrificing incentives. Consequently, wind and solar PV are expected to be reorganised and
commissioned in 2021. In India, COVID-19 is worsening current challenges regarding the
fiscal health of distribution firms, which play a vital part in the positioning of utility scale
as well as distributed PV.

Ocean energy technology (OET) has several beneficial aspects like economic progress,
supply security, and reduction of CO, emissions. Ocean energy technology should be
endorsed and given due importance to increase adoption that ultimately leads to global
ocean energy marketplaces (Badcock-Broe et al. 2014). Ocean energy is renewable and
depends on several aspects of ocean waves like water temperature, currents, and salinity.
The moon, sun, and other celestial bodies are responsible for the formation of tides, and
solar radiation, among other things. There are several aspects concerning ocean energy,
namely waves, tidal currents, ocean heat, tidal barriers, and salinity gradient energy. Ocean
renewable energy is noteworthy with a global installed capacity of 76 million MW, thereby
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Fig.2 World renewable electricity capacity, 2012-2021 (IEA 2020)

@ Springer



8182 M. S. Chowdhury et al.

reducing emissions (Behrens et al. 2015). Coastal nations are in a unique position to have
energy security using clean energy and also reduce climate change (Li 2008; Behrens et al.
2015). In the global electricity scenario, ocean renewable energy has a contribution of up
to 7% (Esteban and Leary 2012). In comparison, tidal stream and offshore wind techniques
collectively account for about 0.75% of worldwide energy requirements (Esteban and Leary
2012). Tidal stream energy holds more potential compared to wave energy, or offshore
wind energy; however, very few areas are suitable for extraction of tidal stream energy.
Technology concerning the extraction of tidal stream energy is still in the nascent stage of
development; however, it has massive potential to gain a significant fraction in the future
energy mix for sites in: UK, Canada, France (Guillou et al. 2018; Coles et al. 2017), Nor-
way, Spain (Gonzalez-Caballin et al. 2016); Indonesia (Orhan et al. 2015), Taiwan (Chen
et al. 2013), China (Gao et al. 2015), Malaysia (Lim and Koh 2010), Philippines (Buhali
et al. 2012), and New Zealand (Moore and Boyle 2014). The tides in the oceans hold mas-
sive energy potential and could potentially be a prominent electrical energy source. Tidal
barrages have been researched, along with other technologies, to understand how to cap-
ture ocean energy effectively. Nevertheless, tidal energy is not a commercial mainstream
energy source yet but holds the potential to be exploited as a commercial renewable energy
source. Additionally, tidal energy is less polluting and can produce massive energy com-
pared to other renewable sources. Tidal current velocity can lead to high power production,
given the turbine is placed at an appropriate location (Rourke et al. 2010). Globally, sev-
eral roadblocks are facing the implementation of tidal energy and associated technology.
For instance, turbine efficiency, cost of setting up a power plant, and social awareness are
few such issues. The objective of this study is to highlight present generation trends con-
cerning tidal energy, address related environmental concerns, and discuss future prospects
and social responsibility in the tidal energy scenario. Moreover, there is a review of tidal
energy policies.

2 Current status and trend of tidal energy technology

Technological advancement has led to the enhancement of the power produced from the
ocean. There was a 13% growth in 2019, which is remarkably higher than the growth in
the three preceding years. However, there needs to be a speedy deployment of this tech-
nology for it to be as per the Sustainable Development Scenario (SDS), thereby an annual
growth of 23% is required through 2030 (Adrian 2020). Research and development, along
with state policy, is necessary to achieve the required cost reduction and facilitate massive
deployment. Electrical power generated from marine sources saw an increase of 13% in
2019 (Adrian, 2020). Nevertheless, the status of marine power is still “not on track” since
it is too far from the requirements of the Sustainable Development Scenario (SDS), where
an annual growth rate of 23% is required till 2030 (IEA 2020b) (Fig. 3). Several countries
like Canada, the UK, China, and Australia have already functioning sophisticated marine
energy projects of 10 kW to 1 MW capacity (IEA 2020b). Nevertheless, such small-scale
and demonstrative projects are expensive because they do not achieve the required econo-
mies of scale to be cost-efficient.

The rising and falling waters of the ocean determine the extent of tidal power potential.
Along the shore, neap and spring tides having a range of 4—12 m have a power production
potential of 1-10 MW/km (Khan et al. 2017). Estimation for tidal power may be conducted
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Fig.3 Ocean power generation scenario, 2000-2030 (IEA 2020b)

using an estuary located on the seashore. The energy potential for a tide height of R meter
above the sea datum line is specified as:

h=R
E=pg [ hAdh Y]
h=0

where p denotes the density of seawater (kg/m?) and g denotes the gravitational constant
(9.81 m/s?). Given that the tidal range equals the difference between the maximum and
minimum basin levels, an average water discharge of (Q=AH/t) flowing through the tur-
bine will do work (falling from height %) as specified by the following equation:

P = pQOh. (2)
Considering 705 annual tidal cycles with n representing turbine efficiency, the annual
power generation is:

! ' pnQh . 0 A
Pyea = [ Pdt = [ == X 0736 705d ¢’ |year = 70°32.3n / Q"dr. 3)
0 0 0

Only a few tidal power plants in the world are currently generating electricity. It was in
Europe that the first commercial tidal power plant was installed. In 1920, UK became the
first country to suggest utilising the power of the tides to produce electricity (Kirby and
Reticre 2009). However, installation of the first commercial tidal power plant was done in
France, specifically in Brittany’s Rance Estuary in 1967. This power plant was equipped
with an installed capacity of 240 MW and was able to supply 4% of Brittany’s domestic
electricity supply (Kirby and Retiere 2009). The barrage of the plant measured 720 m long
and had a surface area of 22 km?. It served as a road and was fitted with a lock to accom-
modate shipping passage. The barrage operated with a hydrostatic head of 5 m and had 24
reversible 10 MW bulb turbines. The power plant was able to produce an annual output of
approximately 480 GWh (Segura et al. 2017). The second largest commercial tidal power
plant is the Annapolis Royal Generating Station power plant, which was built between 1980
and 1984 in the Bay of Fundy, Canada. With its 20 MW capacity, this power plant is also
connected to the Canadian national grid. Its annual generating capacity is 30 GWh (Power
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16-12-2012; Khan et al. 2017), and it utilises only a single Straflo turbine (Mazumder and
Arima 2005). The Kislaya Guba power plant has a 0.4 MW capacity and was built on the
Barents Sea by the Russian government in 1968. In 2006, it was given an upgrade to use a
1.2 MW orthogonal turbine (Station). In 1985, China constructed the Jiangxia Tidal Power
Station in the south of Hangzhou. It has a generation capacity of 3.2 MW and possesses
a two-way operational capacity that is capable of producing 4.4 GWh of electrical power
annually, as presented in Table 1 (Plant). In 2011, the world’s biggest tidal power plant
was built by the (South) Korea Water Resources Corporation (K-water). This tidal power
plant had an installed capacity of 254 MW and is capable of generating an annual out-
put of 552 GWh (Kang et al. 2013. In 2009, South Korea commissioned the construction
of a second tidal power plant (Uldolmok Tidal Power Station) that possesses an installed
capacity of 1.5 MW and is able to produce 2.4 GWh per year (project). In 2015, the Neth-
erlands established the Eastern Scheldt Barrier Tidal Power Plant with a generation capac-
ity of 1.25 MW. This power plant is capable of providing for the domestic electric supply
of approximately 1000 Dutch households (Barrier 2016; Energy 2016). The details of the
tidal power plants built around the world so far are given in Table 1, while Table 2 provides
the details for the power plants planned for future operation.

Research and development studies regarding ocean energy technology have primar-
ily been performed in Europe by both the EU and its member states. These studies have
resulted in improvements in the available technology and improved policies and planning
procedures for ocean energy. National and international policymakers need to focus on
the successful establishment of a marine energy marketplace that includes provisions for
incentives that will encourage the utilisation of tidal energy and help implement strategies
to enhance the level of research and technology. Companies must also be encouraged to
focus on developing and installing ocean energy technology.

3 Environmental view and ecological impact
Some of the environmental impacts associated with tidal energy include risk of collision

with migratory and mobile marine species, electromagnetic fields, noise, loss of habi-
tat, reduction in visual amenity, and change in sediment distribution. One possible area

Table 1 Operational tidal power plants (Leeney et al. 2014, Santos et al. 2011, barrier, Station, Kirby and
Retiere 2009)

Power plant Country Year Installed Annual Operation mode
capacity capacity
MW) (GWh)
Annapolis Royal station ~ Canada 1984 20 30 Ebb only
Jiangxi, tidal station China 1980 3.2 44 Two-way
Kislaya Russia 1968 1.7 1.8 Two-way
Rance tidal France 1966 240 480 Two-way with pumping
Sihwa Lake South Korea 2011 254 552 -
Strangford Lough UK 2008 1.2 - -
Uldolmok South Korea 2009 1.5 24 -
Eastern Scheldt The Netherlands 2015 1.25 - -
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Table 2 Companies involved worldwide in developing tidal energy (Magagna and Uihlein 2015; Magagna

et al. 2016)

No. Company name Technology Country

1 Alstom Oceade USA

2 Andritz Hydro Hammerfest HS Series Norway

3 Aqua Energy Solution AES Norway

4 Atlantis Resources AK, AR, AS, AN Series UK

5 BioPower System bioSTREAM Australia

6 Bluewater BlueTEC The Netherlands
7 Deepwater Energy Oryon Watermill The Netherlands
8 EEL Energy EEL membrane France

9 Elemental Energy Techn. MAKO turbine Australia

10 Flumill Flumill Norway

11 Straum Hydra Tidal Norway

12 Hyundai Heavy Industries HHI Tidal South Korea

13 IHC Tidal Energy OceanMill The Netherlands
14 Kawasaki Heavy Industries KHI Tidal Turbine South Korea

15 Marine Current Turbines SeaGen UK

16 Magallanes Atir Spain

17 Minesto Deep Green Series Sweden

18 Nautricity CorMaT UK

19 New Energy Corporation. EnCurrent Canada

20 Nova Innovation NOVA series UK

21 Ocean Renewable Power Company TidGen USA

22 Oceana Energy Company Oceana Marine Turbines USA

23 Oceanflow Energy Evopod UK

24 OpenHydro (DCNS) Open-Centre Turbine Ireland

25 Pulse Tidal Pulse-Stream Series UK

26 Sabella D series France

27 SCHOTTEL group SIT Instream Germany

28 Scot renewables SR Series UK

29 Tidal Energy Delta Stream Series UK

30 Tidalys Electrimar series France

31 Tocardo T series The Netherlands
32 Verdant Power KHPS series USA

33 Voith Hydro HyTide Germany

34 Vortex Hydro Energy VIVACE series USA

that will potentially impart ecological impacts is the generation of electromagnetic fields
(EMFs) by submarine cables. These electromagnetic fields may negatively affect the
growth, generation, and progress of marine species, as presented in earlier studies (Ohman
et al. 2007; Gill and Bartlett 2011). It can also affect carnivorous species that function as
predators to marine life. Moreover, due to their effects on navigational equipment, EMFs
from sub-sea cables may also influence shipping. However, recent laboratory-based studies
on the effects of electromagnetic radiation have found no direct influence on the migration
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or breeding of benthic animals. Furthermore, there has been no effect on elasmobranch fish
species like sharks, and it has been found that they generally do not seem to influence their
swimming speed. However, these effects can be species specific and there is still no clarity
on their overall biological effect (Gill et al. 2012; Westerberg and Lagenfelt 2008). EMF
discharges generated by the exploitation of ocean energy are believed to produce very low
risks or can even be completely risk-free. However, there is a need to conduct further stud-
ies to confirm this (Gill et al. 2012; Leeney et al. 2014).

The ecological impact that ocean energy exploitation has remains unclear since tidal
energy devices and ecosystems have complex and progressive interactions over time, which
may lead to unforeseen consequences (Lin and Yu 2012; Wilson et al. 2006). Whilst there
is knowledge about the ecosystem of the Earth, there is limited knowledge about oceanic
ecosystems. Furthermore, obtaining more information on ocean environments can be both
expensive and difficult. Projects involving tidal energy only take away a small amount from
the ocean’s total energy flow. Measuring the indicators of small ecological effects or avoid-
ing such events will be difficult (Wilson et al. 2006; Shields et al. 2011). Due to ecological
constraints, the potential for constructing traditional tidal range technology, which involves
closing river arms or streams with dams or impoundments, is limited. Moreover, previous
experiences with artificially closed compounds have shown that managing an artificial tidal
basin involves high costs and requires careful planning and monitoring. It is worth noting
that for the Canadian plants, well-documented discussions took place from the beginning
of their operation regarding their effects on marine life and how they can be mitigated. This
is valuable information since ecological issues pose important conditions and requirements
in allowing the installations of such structures in protected water bodies.

4 Social influences

A “social gap” is present between public support for renewable energy development that
results in local employment opportunities, lower electricity costs, reduced carbon emis-
sions, and increased energy security, and the lesser success of planning and application
approvals, which is due to visual impacts, indifference to climate change, the desire to
prevent the industrialisation of coastal waters, and harm to tourism, fisheries, recreation,
and navigation activities, along with potential impacts on property values as well as social
unity. Planning and decision-making can lead to more opposition due to poor engagement
with the public. This matter is best settled through improved communication and involve-
ment among all stakeholders, although longer and costlier consultation processes would be
involved.

In earlier times, the problems involved with usage of renewable energy sources were not
of widespread concern to UK citizens (Walker 1995; Bonar et al. 2015), whereas today some
80% would support increased reliance on renewable energies. Nevertheless, the degree of uti-
lisation of renewable energy power sources is much lower than the degree of public support
present. Likewise, from July 2012 to June 2013, the level of public support among UK citizens
for onshore wind generation development correspondingly declined from some 68-59% for
England and down to 46% for Wales (Bonar et al. 2015). The problem concerns the judgement
and intentions of citizens and remains complex (Warren et al. 2005; Bell et al. 2005; Michaud
et al. 2008), for much support for renewable energies depends on a mounting public apprecia-
tion of environmental responsibility that entails replacement of fossil fuel energy sources with
a need to cut greenhouse gas emission levels (Devine-Wright 2011; Ladenburg 2010). For
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one, renewable energy expansions create jobs in provincial areas (Dacre 2007; Bonar et al.
2015), supply low-cost electricity (Devine-Wright 2011), and promote energy conservation
(Bell et al. 2005; Ladenburg 2010). Then again, communities in areas where tidal energy
facilities have been proposed are wary of the possible harmful effects on local fisheries (West
et al. 2009; Kerr et al. 2014), shipping security, deep-sea entertainment, and tourist activities
(Bell et al. 2005; McLachlan 2009), along with possible impacts on property values (War-
ren et al. 2005) and local societies (Firestone and Kempton 2007). Nonetheless, conflicts with
local communities can be settled by imparting better knowledge about the operations of tidal
energy facilities and also by maximising the role of home-grown contributors. In this man-
ner, the long-term benefits could be shown to be favourable to local districts (Irvin and Stans-
bury 2004; Cass et al. 2010). Such developments can meet local requirements when unused
land is utilised and placed under the ownership of local community, with provisions for sys-
tematic distribution of project that proceeds to community members, even if certain negative
effects do ensue from project implementation (Cass et al. 2010). However, new proposals may
face organised opposition and be forcefully disputed, or could even be suspended, whenever
approval processes deadlock (Waldo 2012). Nevertheless, frivolous local objections to such
plans can be avoided when people are convinced to act smartly regarding policies that would
improve usage of renewable energies (Bonar et al. 2015).

5 Tidal energy policy

It has been known that there are a number of contributing government guidelines and indus-
try activities that can propel technology development and utilisation, which can be usually be
classified as “technology push”, “market pull”, and “regulatory push/pull”. Other activities
that governments carry out are sometimes called “enabling activities”, which include activi-
ties like environmental analysis, financial support for research, conference hosting, and other
such activities. The tidal energy guidelines developed by several nations are not regulated by
any global organisations. Meanwhile, several nations have developed their own tidal energy
guidelines. Table 3 briefly outlines the tidal energy guidelines of different nations. Figure 4
summarises the global tidal energy policy issues.

Development of the tidal energy has been undertaken in Portugal, Canada, France, the
USA, and the UK, and these nations have even defined policies for tidal energy. Globally, tidal
energy guidelines fall under the common heading of renewable energy guidelines and most
nations have set goals for the increase in the utilisation of renewable energy resources so as to
reduce need of fossil fuels and to reduce CO, emissions (Ozturk et al. 2009). The tidal energy
is more environmentally pleasant than more traditional energy sources and is more stable and
predictable than other renewable energy sources, as well as being possibly safer. Nonetheless,
using a range of renewable energy sources in order to reduce CO, emissions can potentially
make the power produced in these ways economical and viable for use in the industry, there-
fore leading to financial growth via more efficient production and more employment (do Valle
Costa et al. 2008; Sun et al. 2008).
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Fig.4 Global tidal energy policy issues (Fox et al. 2018)

6 Prospects of tidal energy and proposed power plant

Currently, tidal dams or barrages are regarded as determined energy tools that are capable
of producing electricity on a profitable scale. The research and development (R&D) in tidal
energy is largely in the field of tidal barriers and turbines. The next epoch is likely to wit-
ness the tidal energy becoming a fully profitably sustainable energy source, and thus com-
prehensive research is significant in tidal energy (Ramos and Ringwood 2016; Melikoglu
2018). Nowadays, high quantities of capital funding are provided in order to develop the
projects of the tidal stream energy. The electricity production cost from the tidal energy
is much greater than that of the conventional energy sources (Melikoglu 2018). Moreo-
ver, there are doubts regarding environmental effects of tidal energy equipment installation
and its procedure on the marine dwellers and birds in the long duration. The future seems
brighter due to the designs of the tidal dams or barrages because the technology has been
created roughly since half a century. Nonetheless, it has been stated that there are extensive
plans for projects of tidal barrages in Russia, Korea, India, and the UK which amounts to
nearly 115 GW in total (Ramos and Ringwood 2016), and deployment predictions for tidal
energy up to 2020 are nearly about 200 MW (IRENA 2014). Table 4 presents the globally
proposed tidal power stations.

Tidal energy could generate electricity, though there are certain challenges in its
development and in promotion of awareness of ocean energy resources, and bring an
increase in their present potential. Challenges in the development of tidal energy are
shown in Fig. 5. Further research could identify these challenges, and nations, oce-
anic and maritime services, industry, research organisations, and universities are
required to obtain an integrated and coordinated methodology, so as to obtain robust,
viable, and cost-efficient tidal energy. Nonetheless, increasing affordability could shift
the innovation, incentive, and cost reduction towards other alternative energy sources.

@ Springer



8190 M. S. Chowdhury et al.

Table 4 Globally planned tidal power stations (Ko et al. 2019, Newenergyupdate, 15.12.15, EnergyNews,
Project, walesonline, Tidallagoonpower, BBC, 10 April 2014)

Name Capacity (MW) Country Primary cost ($)
Garorim bay tidal power station 520 South Korea 1 billion
Incheon tidal power station 1320 South Korea 3.4 billion
Tugurskaya tidal power plant 3640 Russia -

Mezenskaya tidal power plant 24,000 Russia 22.76 billion
Skerries tidal stream array 10.5 UK 0.07698 billion
Tidal lagoon Swansea bay 320 UK 1.3 billion

Gulf of Kutch project 50 India 0.15 billion
Alderney tidal plant 300 Alderney 0.830 billion

Strategic Technology
Challenges

A

A 4

Reliability

Manufacturability

Fig.5 Challenges in the development of tidal energy (Energy, December 2012)

Predictability has emphasised the problem of considering the impacts of turbulence and
their influence in the fatigue life of the component. Consequently, it could be a contrib-
uting aspect in reducing the unforeseen conservation requirements by performing more
comprehensive studies on factors such as specific components of the MTBF (mean time
between failure) as well as life expectation, developing the manufacturability of tidal
energy converters from first-scale prototype to profitable manufacture. This will affect
the design of important modules and sub-elements in supplement to expansion of the
manufacturing procedure. Moreover, study of the new materials as alternatives for steel
indicates high cost reductions along with a decrease in the dimensions of the established
modules. The definition of new regulation techniques and operating and testing prac-
tices will help the distant survivability and operability of the tidal energy technologies
that function under extreme circumstances. Providing inexpensive automation methods
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with less human involvement will allow low-cost multipurpose ships instead of high-
cost extraordinary vessels, so as to optimise setting up and maintenance expenses.

7 Conclusion

In theory, the ocean has abundant energy store, the utilisation of which requires the crea-
tion of innovations to make the tidal energy a useful source of secured energy with which
to fill the lack of energy, and decreasing global CO, emissions resulting from the use of
fossil fuels. This study summarises the present trends and further potential of the tidal
energy platform, though it is required that tidal power stations produce energy in the range
of hundreds of thousands of megawatts to gigawatts of power to compete with the pro-
duction capacity of other conventional and nonconventional sources of energy. Thus, it is
crucial to evaluate accurately the usefulness of the working of various pieces of power-
producing equipment with respect to the amount of power supply to the electrical grid. A
better insight into the tidal energy and various devices available to exploit it will lead to
enhanced equipment design. Tidal energy is a pollution-free natural and renewable energy
source with only a negligible environmental impact. Nonetheless, the effect of marine
energy exploitation on the environment is required to be entirely understood to make sure
that there are no hindrances to large-scale utilisation. A more integrated engineering design
methodology is vital to optimise the usage of materials, science, and recent manufacturing
methods. Finally, the goal of future exploration is to develop technology that leads to inte-
grated grid networks from offshore transmission lines while decreasing setting up costs and
environmental effects.
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