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Abstract:

The growing demand for electrical energy is one of the most important challenges that the world is facing
today. Hydrokinetics studies how kinetic energy is generated by the natural movement of water-river and
streams currents and how to convert that energy to electricity. Hydrokinetic energy, the power of moving
water, is a promising new, vast, and renewable resource of energy. To tap this source of hydropower, in-
stream water current or kinetic energy turbines are deployed. These turbines generate power from the kinetic
energy of a flowing stream of water without the use of a dam or barrage structures. Hydrokinetic devices are
placed directly in the flow and generate energy only from the power of the moving water. Water current
turbines can be installed in any flow with a velocity greater than 1.5 m/s. Because of low investment costs
and maintenance fees, this technology is cost effective in comparison to other technologies. The continuous
supply of electrical energy is also an advantage in comparison to solar power or other small-scale renewable
technologies. This kind of small-scale hydropower is considered environmentally friendly, meaning that the
water passing through the generator is directed back into the stream with relatively small impact on the
surrounding ecology. Due to the low cost and durability of this kind of hydro-power systems, developing
countries can manufacture and implement the technology to supply the needed electricity to small
communities and villages. Systems can be installed in isolated or grid connected configurations, stand-alone
or as a supplement to existing generators, floating or fixed to the bottom of a water course. Since many
remote communities are situated near moving water these turbines represent a promising source of clean
power. Kinetic energy turbines represent a significant yet untapped source of hydropower from South
Africa’s and Botswana’s abundant water resources.

This paper gives detailed information about current base of hydrokinetic energy for river application and
power generation. Applications in free-flowing rivers and reviews of some of the existing turbine
technologies are outlined. In addition to that, it has tried to give a future concept about suitable turbines for
river currents and implementation challenges.

Keywords Hydrokinetic energy; hydrokinetic river technology; Renewable energy; Fossil fuels;
Environmental effects, Rural electrification

1. Introduction

The need for alternative methods in how we generate power has become increasingly apparent given
the role of fossil fuels, climate change and the rate at which those fuels are being depleted. With this
understanding has come the development of many forms of renewable energy. One such promising candidate is
hydrokinetic energy. This is a growing field within renewable energy i.e., conversion of hydrokinetic energy into
electricity that employs turbines. This class of technologies are designed to take advantage of this yet untapped
energy source Hydrokinetic energy which is a promising new technology still in the research and development
stages [1].

Hydrokinetic power refers to the generation of power from the flow, currents or velocity of water. Since
hydrokinetic power relies simply on the velocity of water, the systems can be placed into sources of flowing
water with minimal infrastructure or changes to the environment.
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The term ‘Hydrokinetic Turbine’ has long been interchangeably used with other synonyms such as,
‘Water Current Turbine’ (WCT), ‘Ultra-low-head Hydro Turbine’, ‘Free Flow/Stream Turbine’ (implying use of
no dam, reservoir

or augmentation), ‘Zero Head Hydro Turbine’, or ‘Instream Hydro Turbine’, Current Turbine’. For
rivers or artificial waterways, the same technology is generally identified as ‘River Current Turbine (RCT)’,
‘River Current Energy Conversion System (RCECS)’, ‘River In-Stream Energy Converter’ (RISEC), or in brief,
‘River Turbine’.

Hydrokinetic power offers renewable energy with no pollution or emission of greenhouse gases [1-5].
Hydrokinetic power also has the advantage of being predictable and is often available for 24 hours a day,
allowing for high-capacity factors — potentially as high as 98% of the year for instream. The disperse nature of
hydrokinetic power allows generation at levels ranging from diesel replacements and distributed power to utility
scale power.

Worldwide, there is great interest in the potential for hydrokinetic power to serve as a substantial new
source of clean, reliable and renewable energy. And a hydrokinetic power industry is starting to emerge in
several countries. Hydrokinetic power holds great promise as a new, carbon-free, domestic energy source [6-16].

Most important, the robust development of a hydrokinetic power industry will increase the South
Africa’s and Botswana’s ability to combat climate change, reduce the use of fossil sources for power generation,
reduce harmful air emissions and help meet the world’s growing demand for new electricity in an
environmentally responsible manner. South Africa and Botswana largely depends on coal for its electricity
generation.

In-stream water current or kinetic energy turbines represent a new power generation market segment,
capitalizing on the Kinetic energy in a flowing stream of water [17-20].

Utilizing the energy in a flowing stream of water without the need for dams or diversions represents a
clean sustainable economic alternative power generation source in many locations where no such option
presently exists or where additional generation from clean sources is desired.

This technology have a bright future in both the stand alone and grid connected applications for
distributed or centralized power production, and are yet another tool to add to the mix of renewable energy
options available where suitable water resources exist. These resources range from small rivers and man-made
water courses that can be used to power a residence, resort, or small community particularly in rural areas that
lack national grid connections. Hydrokinetic energy systems options can either be stand-alone or grid connected
and ultimately can be utilized to make a significant contribution to overall power generation capacity.

The uses of kinetic energy of water current for generating electricity or pumping has been studied for a
long time, which mainly aims to use in remote areas [21-41].

2. Types Hydropower Plants

Various Hydro-power plants have been used to produce electricity from water. These include:

Conventional hydroelectric plants harness the potential energy stored in large reservoirs creating a
hydraulic head differential which is converted to electrical energy through one or more large turbine/generator
systems. These plants can produce power levels in the GW range and have the advantage of storing sufficient
water volumes to maintain flow rates and thus power generation capability that can be managed over longer
periods of time minimizing the impact of short-term flow events.

Run-of-river hydro plants on the other hand typically divert only a portion of the river flow for use in
the plant. A head pond is used to maintain a consistent water level for the intake and to ensure the penstock is
fully submerged, but the plant does not store large quantities of water. Instead, the natural elevation change in
the river or stream is utilized to provide the necessary head to drive a turbine located in the powerhouse below.
Typically, these plants generate power in the tens of MW range but are subject to restrictions in the water they
can use and are more prone to variations in river flow.

In-stream water current or kinetic energy turbines go one step further by simply utilizing the energy in
the velocity of the water in the stream i.e. the Kinetic energy is generated by the natural movement of water. A
small static head differential can also be created across the turbine to enhance the velocity where native water
velocities are too low for practical energy extraction, but this differential is generally limited to less than 2m due
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to cavitation concerns. Clearly the energy densities associated with this type of turbine are much less than that of
a high head hydro dam. However they do represent an economical and environmentally friendly means of power
generation in locations where traditional forms of hydro generation are not possible (due to a lack of elevation
change or other practical considerations). Power output of these turbines ranges from a few kW for a small
turbine in a stream to installations in larger rivers that can produce several hundred kW to several MW.

3. Moving Water As A Source Of Energy

A river current energy conversion system can be described as an energy converter which harnesses the
kinetic energy of river streams.

Hydrokinetic devices are powered by moving water and are different from traditional hydropower
turbines in that they are placed directly in a river current. They generate power only from the kinetic energy of
moving water (current). This power is a function of the density of the water, cross-section of flow that can be
intercepted and the speed of the current cubed. The available hydrokinetic power depends on the speed of the
river or stream currents.

The basic equation for instantaneous power availability is expressed as:

P = YpAV® 1)

where: P is the power removed from a stream of water current, V (m/s) is the undisturbed instantaneous
point velocity of the oncoming flow in the cross-section or the free-stream velocity at hub height at the location
of interest [42], p is the density of the fluid.

Fresh water has a density of 1000 kg/m? at 5°C [43]. A is the cross-sectional area of the hydrokinetic
device that perpendicularly intersects the oncoming flow and V is the free-stream velocity at hub height at the
location of interest. In the above equation, A and V are the only two variables that determine power and hence
energy availability (energy being the integral value of power with respect to time) where A is technology
specific and V is site specific. The main point to note is that, all other things being equal, the swept area of flow
intercepted dictates how much energy can be captured. The area of current cross-section intercepted is critical.
The more swept area the more energy can be captured.

As power is proportional to the cube of the velocity, it is of particular interest to identify zones within a
waterway that provide high velocities and sufficient depth to accommodate a device. The proper identification
of sites will allow for the optimal functionality of devices and determine the economic viability of a project,
which is dictated by the power density at a site. To locate sites with the greatest potential, it is important to
understand the complexities that characterize rivers.

The speed of a river varies from close to 0 m/s to 3.1 m/s. Factors that affect the speed of a river
include the slope gradient, the roughness of the channel, and tides. Rivers tend to flow from a higher elevation
to a lower elevation. The gradient is the drop of the elevation of a river. Therefore, the rivers speed is at its
maximum at the headwaters (high gradient, high energy) and at its minimum at the base level (no gradient,
lowest energy).

The further key factor that also influences energy capture is the efficiency of energy conversion;
different devices and power transmission systems can have significantly different levels of efficiency. Rotor
efficiency is conventionally defined as the percentage of shaft power produced by a kinetic energy converter of
the power in the undisturbed upstream flow passing through an area equal to the cross section of flow
intercepted.

The maximum theoretical efficiency of an ideal kinetic energy converter in a free stream (i.e., where
the flow is uniform and the flow boundaries are far from the rotor) is 59.3%, a realization generally attributed to
Betz [44,45]. This is because if the device took out 100% of the energy, the flow would obviously stop, so
sufficient residual kinetic energy is required to carry away the flow after it passes through the device. This so
called Betz limit defines the optimum arrangement where the flow downstream of the rotor is reduced to 1/3 of
the original flow velocity at which point energy conversion is maximized.

In practice imperfections in the conversion mechanism results in a lower efficiency than the Betz Limit.
The best modern wind turbines typically can touch about 50% peak efficiency and generally achieve efficiencies
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in the upper 40s (i.e. 75 to 80% of what is theoretically possible). The losses are largely due to a combination of
friction and form drag (i.e. losses inherent in moving something fast through a fluid caused by stirring the fluid
and resulting friction losses). Further losses, mechanical and electrical, occur between the rotor and the grid
connection.

As mentioned in the above introduction, hydrokinetic devices require a minimum current and water
depth. The minimum current required to operate a hydrokinetic device is typically 2-4 knots. Optimum currents
are in the 5-7 knot range. Water depth is an important factor in the total energy that can be extracted from a site
since rotor diameter is dependent on adequate water level above the installed device. Hydrokinetic devices are
ideally installed in locations with relatively steady flow throughout the year, locations not prone to serious flood
events, turbulence, or extended periods of low water level.

4. Hydrokinetic Energy Potential In South Africa And Botswana

Vast amounts of untapped energy remain in the numerous rivers across South Africa and Botswana
[46]. Thousands of Kilowatts of energy continuously flow down rivers and streams in South Africa and
Botswana, just to dissipate. Both countries have significant potential for hydrokinetic development in rivers and
river basins. Most inland communities in South Africa and Botswana are situated along navigable waterways
that could host hydrokinetic installations and could be one of the emerging homes to some of the best
hydrokinetic energy resources. For river hydrokinetic energy, small, medium and large inland rivers such as the
Zambezi, Limpopo, have promising potential power. Hydrokinetics can largely be tapped resource with no
shortage of sites where significant amounts of power could be efficiently extracted, refer to river maps of South
Africa and Botswana (Figures 1 and 2), which according to the author are potential sites.
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This potential has accelerated research in the field of hydrokinetics, the science of understanding how
to convert the kinetic energy in moving water of rivers and streams into electricity. Green Energy Solutions
(GES) Research Group, headed by the author is pursuing research in development, modelling and
implementation hydro-kinetic energy systems.

5. Prospects And Merits Of Hydrokinetic Energy
The demand for cheap and environmentally friendly source of energy is expected to increase significantly.

5.1. Rural electrification in developing countries

It is believed that many developing countries such as, China, India, Brazil and South Africa will appear
as the key drivers behind the boost in energy demand in future. Over 2 billion people have zero access to
electricity, 1 billion people adopt mundane power sources (dry cell batteries, candles and kerosene) and 2.5
billion people in developing countries, mainly in rural areas, have marginal access to national electricity grid.
Such a contrast implies an acute need for suitable energy option for rural areas in the developing world.
Historically, rivers have played a paramount role in shaping and sustaining civilizations. Most of the populous
areas in the world have a river in their proximity providing a source of fresh water, food and transportation.
Many developing countries are crisscrossed with rivers carrying significant volume of water round the year. An
effective and low-cost mechanism for harnessing energy from the flowing river may revolutionize the scenario
of rural power generation. A brief look at the world atlas reveals an interesting correlation between populations,
need for electrification, poverty and river distribution. This match is more dominant in Asia, Central Africa and
South America. A detailed quantitative analysis with global perspective may point to significant socioeconomic
importance of river as a source of energy.

5.2. Impact on environment

Hydrokinetic energy systems could be used as distributed systems installed over a large river basin
area. Therefore, environmental adversities attributed to this kind of technology are expected to be minimal for
the proposed case. However, a thorough investigation on turbine usage and its effect on natural flow of the river,
impact on river course, ecosystem, and wildlife would only reveal the true extent of such assumption.

5.3. Use of available technologies

Most of the components (blade, generator, power converter, etc.) needed for designing a turbine system
are mostly readily available. Therefore, product development cycle, cost and level of technical sophistication are
expected to be low for this technology.

5.4. Minimal need for civil engineering work

River turbines are generally being proposed as modular and small power sources placed close to the
end user. Subsequently, the need for civil engineering work would be minimal compared to conventional large
and micro hydroelectric systems, where the construction of dams and waterway consumes significant resources.

5.5. Unidirectional operation and less flow variation

Unlike wind energy, river flow is more predictable and flow variation is in the interval of hours or days.
Therefore, the need for fast acting control and protection method is less stringent. Wind direction sensing and
turbine alignment is a must for wind turbines. In contrast, water flow in a river is unidirectional and placement
of a turbine with fixed orientations would suffice most applications.

5.6. Use of channel augmentation

Channel augmentation schemes concentrate the flow of fluids around a turbine and permit higher level
of energy extraction. Although, sound in principle, applications of such devices were not successful in wind
turbines owing to many practical challenges such as, tower-head placement, variable orientation, weight and
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size. Channel augmentation in river turbines appears more suitable as it needs no change in direction, could be
placed under water and the structure itself may work as a flotation device.

5.7. Noise and aesthetics

Underwater installation of a turbine, away from public places would cause no noise disturbance and
have zero visual impact. Unlike large hydro systems, impact on river navigation, swimming and boating is
expected to be minimal.

5.8. Diversity of application

Electricity production would be the foremost choice of application for a River Current Energy
Conversion System (RCECS). Depending on the availability of a power grid, stand-alone or distributed power
generation schemes could be adopted. These turbines could potentially provide several services such as, water
pumping for storage, livestock, human consumption, small industry and irrigation. In such applications, water
pumps could be employed instead of electrical generators, to facilitate direct mechanical energy conversion.

5.9. Appropriate technology

River Current Energy Conversion Systems can be possibly built, operated and maintained using local
resources and skills. With proper low-tech design and financing mechanism, such turbines may appear as
appropriate technologies in developing countries.

6. Conversion Schemes And Operation

Khan, et al has extensively studied and reviewed Kinetic energy conversion systems [56]. The two
most common developed small-scale hydrokinetic turbine concepts are: Horizontal axis (axial flow) turbine and
crossflow turbine. Based on the alignment of the rotor axis with respect to water flow, three generic classes
could be formed (a) horizontal axis, (b) vertical axis, and (c) cross flow turbines.

6.1 Horizontal axis (axial-flow) turbines

These have axes parallel to the fluid flow or incoming water stream and employ propeller type rotors.
Various arrangements of axial turbines for use in hydro environment are shown in Figure 3. Inclined axis
turbines have mostly been studied for small river energy converters. Literature on the design and performance
analysis could be found in [47,48,49].

Most of these devices were tested in river streams and were commercialized in limited scales. The
turbine system reported [50-52] were used for remote area electrification. Turbines with solid mooring structures
require the generator unit to be placed near the riverbed or seafloor. Reports and information on rigidly moored
river turbines are available in [53-55]. Horizontal axis rotors with a buoyant mooring mechanism may allow a
non-submerged generator to be placed closer to the water surface. The cross flow turbines have rotor axes
orthogonal to the water flow but parallel to the water surface.

6.2 Vertical axis turbine

These have axis vertical to the water plane, types of which are given in Figure 4 [20]. In the vertical
axis domain, Darrieus turbines are the most prominent options. Although use of H-Darrieus or Squirrel-cage
Darrieus (straight bladed) turbine is very common, examples of Darrieus turbine (curved or parabolic blades)
being used in hydro applications is nonexistent. The Gorlov turbine is another member of the vertical axis
family, where the blades are of helical structure. Savonious turbines are drag type devices, which may consist of
straight or skewed blades. Hydrokinetic turbines may also be classified based on their lift/ drag properties,
orientation to up/down flow, and fixed/variable (active/passive) blade pitching mechanisms. Different types of
rotors may also be hybridized (such as, Darrieus—Savonious hybrid) to achieve certain performance features.
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(c) Non-submerged Generator (d) Submerged Generator

Figure 3 Horizontal axis turbines [20]

(a) In-planc axis (b) Squirrel Cage Darricus (¢) H-Darmicus
% i
(d) Darricus (¢) Gorlov (f) Savonius

Figure 4 Vertical axis turbines [20]

River turbines operate under the influence of varying volumetric water flow through a river channel
subject to various external factors such as, channel cross-section, rainfall, and artificial incidences (such as,
transportation, upstream dam opening etc.).

Siting is more stringent in river channels as the usable space is limited and river transportation may
further constrain the usability of the sites. There could also be varying types of suspended particles and
materials (fish, debris, rock, etc.) in river channels depending on the geography of a site.

7. Siting Considerations

Several other characteristics of a water current site may pose conditions on an energy conversion
system. In locating sites, the depth, available cross section, type of sea- or riverbed, other uses of the water, and
proximity to land and an electric grid will be considered. Any equipment in the water will need to cope with
turbulence, waves, ice, debris, plant-matter and animals.

Hydrokinetic (in-stream) turbines produce electricity from the free-flowing water in a river or stream —
water in motion, or the velocity (speed in a specific direction) of the water. The best performance and the
highest power production is obtained from a smooth, linear flow of water at high velocities.
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Properly siting a hydrokinetic turbine requires an understanding of energy as it relates to water, and
then what influences the kinetic energy (velocity) of the water at any given point in the river.

7.1 The Energy in Water

Kinetic systems, or instream systems, rely on the energy in the free-flowing water. This Movement
results primarily from the gravitational forces acting on the surface of the water. Kinetic hydro systems require
much more water volume.

Properly siting a hydrokinetic system requires an understanding of the dynamics of free-flowing water
in the complex river environment. The magnitude of the system intended to be to installed will dictate the extent
to which the site and the project are engineered.

7.2 The gradient of the river

As rivers travel to the sea, they follow the “lay of the land” (ground slope) which is constantly
changing. This gradient, or slope to the river, corresponds to the ground over which it is travelling at that point.
Some sections of river will have a steeper slope (often resulting in rapids) and others will have a very gentle
slope (resulting in deep water pools). The steeper the slope or gradient, the greater the velocity or current speed.
The gradient of the river is the most influential factor in current velocity. The optimal location for a hydrokinetic
turbine is at the steepest gradient possible without incurring excessive turbulence.

7.3 The alignment of the river

There is less friction loss (and more velocity) in a Straight section of river than at a bend in the river.
The most linear and stable water flow will normally be found in straight sections of river. If a bend in the river is
the only option because of other considerations, the greatest velocity is in the outer portion of the bend. These
areas can have problems, though, as the current will typically tend to undercut the outer bank and the effect of
the water flow patterns at the bend can result in swirling cross flows that impact velocity.

7.4 The width and depth of the river

Friction is the major detriment to water velocity. Wider sections of river are generally shallower and
have a higher percentage of ground contact (river bottom and banks) than narrower, deeper sections of river.
This ground contact slows down the velocity — in fact the velocity at the point of contact is essentially zero —
and the areas that are in closest proximity to the bottom and banks will have the lowest velocity. Areas next to
the banks can develop rotating cross flows.

8. The Contour Of The River Bottom

8.1 The contour of the river bottom

If the contour of the river bottom (and hence the water depth) is uniform across the river, the greatest
current speed is going to at the point that is the farthest from all ground contact — the upper centre of the river. If
the contour is uneven, the greatest velocity will be in the upper centre of the portion that has the greatest depth.
8.2 Depth of the turbine rotor

The greatest velocity will normally be in the area below the surface from10% to 30% of the river depth
at that point. If the river depth is 10 ft at that point, the greatest velocity will be between 1 ft and 3 ft below the
surface. The areas of least velocity are next to the banks and at the river bottom. Ideally, the turbine rotor will fit
within this 10%-30% high velocity area.

If the turbine must extend beyond this range, extend the turbine below the range, but take care to avoid
the turbulent area next to the river bottom.

8.3 Cross-sectional Area

From the law of continuity sections of the river that have a smaller cross-sectional area will have a
greater velocity. Because the same volume of water is passing through a smaller area at the same discharge rate
as the larger cross-sectional areas, the water must move through that area faster.
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8.4 Discharge volume

The velocity at a given point will be greater during periods of high water (due to rainfall, snow melt,
etc.) than periods of low water levels. The reasons a combination of less friction —there is a higher volume of
water flowing down the river relative to the ground surface contact — and increased force since there is a larger
volume of water trying to move downstream.

8.5 The roughness of the river bottom

There are very few (if any) areas with truly linear water flow. The entire cross-section of the river can
be considered  turbulent. However, rough river bottoms (either rocky or uneven ground)
increase friction and create excessive turbulence. Both friction and turbulence slow the water speed. Try to
avoid siting the turbine in a shallow section of river where the turbine rotor will be exposed to excessive
turbulence.

8.6 Obstacles

Obstacles or obstructions in the river create turbulence. Avoid these areas — particularly in the
immediate downstream area.
Typical obstructions would be bridges or rocks.

8.7 Selecting the Site-the Water Resource

Ideally, pick a straight, narrow, and deep section of river with a relatively steep gradient that has no
obstructions and a relatively smooth river bottom. Avoid excessive turbulence — the smoothness of the surface
will give a good indication. Since installing the hydro turbine in the centre of the river can be difficult and a
potential navigation hazard, select a section of river where the bottom contour is such that there is a deep section
next to the bank. Position the turbine in the centre of that deeper spot but at least one river depth from the bank.
If the river depth at that point is 2.5m, the turbine should be at least 2.5m from the bank.

9. Other Site Considerations
Other Site considerations may be:

9.1. Permits
Hydro installation may require local and/or state permits.

9.2. Turbine Mounting Structure

The turbine requires amounting structure which must be strong enough and secure enough to support
the turbine during floods and other high water periods. The mounting structure must also allow for the turbine to
be adjusted vertically as the water level in the river changes. If the turbine is to be mounted on a permanently
affixed structure like a dock, the ability to adjust the turbine elevation and positioning of the turbine to avoid
turbulence created by the dock are crucial. A floating boat or plat form is the easiest means of providing proper
positioning of the turbine, but consideration must then be given to adequate anchoring of the floating structure.

9.3. Floating Debris
Some means must be provided to protect the turbine rotor from floating debris. A diversion rack on the
upstream side of the turbine to deflect debris is common.

9.4. Fish

Typically, rivers that are suitable for these turbines will have fish populations. While these turbines
have proven to have no appreciable impact on fish populations, this is an issue that should be given careful
consideration. Site permits may require specific study or monitoring to ensure that there is no negative impact
on fish populations.
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9.5. Access to the Power Grid

To avoid excessive transmission line costs, the turbine should be sited reasonably close to the electrical
load or electrical grid connection. Care should be taken to ensure that National Electrical Code requirements are
complied with in the interconnect, particularly in the portion over the water.

9.6. Site Access
Ease of installation and maintenance dictates that the site should have reasonable access. If a pontoon
boat or floating dock is used, siting the turbine close enough to shore for ramp access is beneficial.

9.7. Theft and Vandalism

These systems are a significant investment. It is prudent to take steps to ensure that they are protected.
Equally important is to provide sufficient access protection so that children or curious individuals cannot
inadvertently put themselves in harm’s way.

9.8. River Navigation

These systems will often be in navigable waterways. When siting the turbine, it is important that the
installation not conflict with transportation routes, creating a potential hazard. Often a permit requirement will
be that the system be adequately lighted or otherwise marked to warn passers-by of its existence and location.
This requirement also applies to anchoring and electrical transmission line.

10. Conclusions

The article above provides a fine overview of the current base of hydrokinetic energy for Hydrokinetic
energy electricity generation, prospects of this technology as well as suitability of turbines for river currents and
implementation challenges.

The author believes that the Hydrokinetic energy technology deploying vertical and horizontal axis
have a bright future in both the stand alone and grid connected applications for distributed or centralized power
production and are yet another tool to add to the mix of renewable energy options available where suitable water
resources exist.

The opinion of the author is that South Africa and Botswana would greatly benefit when deploying this
renewable energy technology.

Finally, it can be stated that hydrokinetic energy technologies are emerging as a viable solution for
renewable power generation and significant research, development, and deployment initiatives need to be
embarked upon before realizing true commercial success in this sector.
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