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Module # 1 History and Evolution of Hydrokinetic Power Production
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The power of flowing water has been used by 
mankind for millennia to generate energy of 
various kinds for many different purposes. It has 
been used for milling grain, belt driven 
applications to run machines in factories and to 
power many kinds of devices mechanically. For 
the last 150 years water flow has proven to be 
very efficient for electrical generation in 
countless different designs and applications.

Introduction to Hydrokinetic Energy

The basic principle of using permanent magnets and copper coils to generate 
electricity is still being used today in many different forms, including using flowing 
water and water turbines to drive electrical generators and alternators.
Since the beginning of technological development, there have been many different 
attempts made to harvest this energy with varying degrees of success and 
efficiency. The currents that are most accessible and easiest to use for energy 
generation are near-shore surface currents of the ocean and river currents. Water 
flow can also be produced artificially by building dams and creating reservoirs to 
accumulate large masses of water that can be utilized on demand.
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In 1882 the world’s first hydroelectric power plant 
was on the Fox River in Appleton Wisconsin.

By 1889, 200 electrical plants were built in 
the USA, and by 1920, hydropower was used for 
25% of US electrical generation, which by 1940 
went up to 40%.

Today only 6 to 8% of the electricity produced in 
the United States comes from hydropower.
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Introduction to Hydrokinetic Energy

There are vast opportunities and significant environmental and cost advantages to be 
gained by replacing conventional coal-fired power plants with hydroelectric 
installations. Older installations of hydroelectric power plants are mostly situated 
inside dams or below dams using the pressure at the bottom of the dam to operate a 
water turbine that drives electric generators.
Hydrokinetic power generation remains of great interest and has 
gained growing importance along with solar power and wind power. There is a need 
for significant effort to be made to design and build much more sophisticated and 
highly efficient hydrokinetic power-generating turbines; however, because the 
process of refining turbine designs is in many respects unpredictable and 
therefore time-consuming, there has unfortunately been a tendency to simply build 
larger versions of existing turbine designs in order to gain larger energy output from 
them. New, highly efficient turbines will enable the extraction of increased amounts 
of energy from a renewable source, with practically no environmental 
impact. Further improvements in such turbines are highly desired, for these reasons.
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Slide on the left is a traditional hydropower 
plant at the bottom of the man-made dam 
that is utilizing the water pressure behind the 
dam to run generators at the bottom of the 
dam.
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In the slide on the right-hand side see a 
Hydrokinetic Generator that uses either tidal 
flow or ocean currents to generate electricity. 
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Introduction to Hydrokinetic Energy

We differentiate between two basic types of hydropower generation: one type is 
what we refer to as "Traditional Hydropower" and the other type is referred to as 
"Hydrokinetic Power".

These Hydrokinetic generators are referred to as "Current Energy Converters". The 
most common type uses three bladed propellers, but they also been built as 2-bladed 
units or even using up to 12 blades.
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The Kaplan turbine, the Francis turbine and the Pelton turbine have proven to 
be the three most efficient designs.
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Introduction to Hydrokinetic Energy

Since World War I the field of science, today called fluid dynamics, has developed 
tremendously and become a very precise and finite science which is used today in the 
design of Turbine impellers and modern hydrofoils. Through the usage of fluid 
dynamics several different types of turbine impellers and rotors have been developed 
over the years and here you see the three most commonly used in traditional Hydro 
power generators. 

Hydrofoils (as well as airfoils, also part of fluid dynamics) are used for a large variety 
of purposes, including most designs in aeronautics, in motor vehicles, in 
watercraft, and in isolated elements employed in hydrokinetic turbines.
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In this slide you see a rotor and the 
testator of an annular generator. 

It can also be called an alternator

Module # 1 History and Evolution of Hydrokinetic Power Production

Introduction to Hydrokinetic Energy

The basic principle of using permanent magnets and copper coils to generate 
electricity is still being used today in many different forms, including using flowing 
water and water turbines to drive electrical generators and alternators.

The first two-phase alternating current generator was built by a British electrician, 
J.E.H. Gordon, in 1882. The first public demonstration of an "alternator system" was 
given by William Stanley, Jr., from Westinghouse Electric in 1886.

The fundamental principles of electricity generation were discovered in the 1820s 
and early 1830s by British scientist Michael Faraday. His method, still used today, is 
for electricity to be generated by the movement of a loop of wire, or disc of copper 
between the poles of a magnet.
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Most ocean currents are caused by wind, 
which in turn is caused by the Coriolis 
forces coming from the rotation of the 
earth. We will talk more about the 
various types of currents in the next few 
classes where we will address 1 ocean 
currents, 2 title currents and 3 river 
currents.
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Introduction to Hydrokinetic Energy

These currents are often influenced by the position of landmasses that can divert the 
flow and in some cases accelerate the flow. Ocean currents can also be caused by 
density differences in water masses, temperature differences or variations in the 
salinity of the water. The ocean currents on this planet are probably the biggest 
untapped source of energy in existence. 

River currents are also often used as a very good and efficient source of energy and 
are mostly used by traditional Hydro power installations, but can also be used for 
Hydrokinetic turbines that do not require the construction of the dam. We will 
elaborate more on this in some of the next classes.
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Module # 1 The Future of Hydrokinetic Power Production

Introduction to Hydrokinetic Energy

The Hydrokinetic Turbine industry is still 
in its infancy but is rapidly growing to 
become a major contributor in the 
renewable energy field.

It has been predicted that in 10 years this 
form of renewable energy will be as 
important as solar and wind.

Most of the development in this field has happened in Europe, mainly the United 
Kingdom, France, Ireland and a little bit in Spain. A handful of companies started out 
approximately 20 years ago and have now reached almost market-ready Technology 
Readiness Levels (TRL). TRLs start at 0 and go up to 9, which means at TRL 9 a turbine 
is ready for commercial deployment.

The first hydrokinetic turbines were tidal turbines and were installed in Orkney island 
Scotland and in northern Ireland’s Strangford Lough
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Hydrokinetic turbines can be divided up into different 
categories or types. A turbine can either be bi-
directional or uni-directional.

In the top image a bi-directional turbine is defined 
such that it can be operated by a current that flows 
in both axial directions through the turbine, e.g., both 
by an incoming tidal flow as well as by a receding tidal 
flow.

On the other hand, in the bottom slide uni-directional 
turbine is driven only by the flow of water in a single 
axial direction. 9

Introduction to Hydrokinetic Energy

Module # 1 History and Evolution of Hydrokinetic Power Production

From a hydrodynamic standpoint, the design criteria to produce a bi-directional 
turbine are significantly more limited than in the case of a uni-directional turbine. 
More recently, one company called Open Hydro has pursued hydrodynamic turbine 
designs in which there is provided an open center hub, for environmental reasons, 
i.e., to provide a safe passageway for sea creatures. In these 
basically hubless designs, the rotor blades are typically mounted at the radial inside 
upon an inner ring member, and on the radial outside on an outer ring member, and 
in some designs, there is no inside ring member present at all. This 
basically hubless turbine designs is bi-directional and is axially symmetrical in design.
In the lower image you sea uni-directional turbine that pivots on the big yellow base 
it is mounted and points into the direction of the water flow. 
In most cases uni-directional turbines are more efficient than bi-directional turbines.
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Introduction to Hydrokinetic Energy

This turbine is designed and built by 
Verdant Power in New York City.

It is one the most efficient and 
hydrodynamically efficient turbines on 
the market.

Verdant power is one of the very early developers that started out almost 20 years 
ago. They are on their 5th generation of tidal turbines. Their test field and now 
permanent installation site is located in the East River in New York City. Their site is 
grid connected end the have obtained a FERC permit (we will elaborate on permitting 
and regulatory issues later in another class.
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Introduction to Hydrokinetic Energy

The Hydrokinetic Turbine industry is still 
in its infancy but is rapidly growing to 
become a major contributor in the 
renewable energy field.

It has been predicted that in 10 years this 
form of renewable energy will be as 
important as solar and wind.

Here we show a turbine design of ours, Hydrokinetic Energy Corp. designed by myself. 
Our design currently has a TRL of about 3 or 4.

This is a floating installation that could be used in an ocean current, tidal current or 
even in a large river current.
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Introduction to Hydrokinetic Energy

The future of hydrokinetic energy is that 
that this source of energy will become 
one of the main pillars of renewable 
energy sources, because it is the most 
reliable and predictable source. 

Hydrokinetic energy is capable providing 
a base line power feed to the grid which 
wind and solar can not do because of the 
tremendous fluctuations of energy 
output.
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