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The Personal History Behind an Israeli Wind Innovation

Daniel Farb, CEO, Leviathan Energy,
www.leviathanenergy.com

A string of seeming coincidences led me to develop a series of innovations in the renewable
energyfield. | moved to Israel in July 2005 and started working for a patent law firm (Mark
Friedman, Ltd.) to help clients write biomedical patents. My youngest children went on a trip that
summer, and the camp needed adults to accompany them. | came, andfdhe stops was the
Weizmann Science Center Park. As | was watching the wave pool, | had a Eureka moment;
| thought of a way to improve the extraction of energy from waves and other sources of
renewable energy.

The basic concept was structuring the floworder to make the energy available from a flow of
fluid much more efficient. The basic relevant formula is the relationship of power to the velocity
cubed. (In waves, one also has to consider the relationship to the wave height squared.) Other
formulas d fluid flow such as Bernoulli and Nawgtokes are also relevant.

| began by reviewing physics textbooks and searching patents, and found that my concepts
were indeed innovative. First patented my wave invention; | obtained help in developing the
conepts fromAvner Farkasha mechanical engineer working for the same law firm, who is now
our head of research and development.

After developing the wave device, | turned my attention to meave flows of fluid such as
wind. Airfoils and shrouds have beendwn in the past to affect the energy flow, but there has
never been a practical implementation of them. | had the insight that using a partial and hollow
foil shape would be both more efficient and cheaper and lighter to produce than traditional airfoil
shapes. This went against the accepted logic of aircraft design, but | was designing turbines, not
aircraft.
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At this point, the head of the engineering department of Tel Aviv University introduced me to
Professor Moshe Rosenfelda worldrenowned expert onapplications of Computational Fluid
Dynamics- a kind of virtual prototyping of fluid flows that is commonly used in the aircraft
industry. We produced models of fluid flow for many types of turbines and foil shapes. One of
them is the foil shape that wera using as a part of our new vertical axis wind turbine; it is
superior to traditional airfoils at increasing the velocity to the blades at short ranges. This concept
is useful for any turbine, but is especially useful for low wind speed climates, sutheas
Mediterranean, because it shifts the whole power curve to operate at lower speeds. For example,
two meters per second wind might really become three meters per second at the point it hits the
blades. In fact, our first prototype started turning at 2rieters per second, whereas most wind
turbines start at 3 meters per second.

| incorporated Leviathan Energy in 2006 and we began designing and building a variety of
products, including a new vertical axis wind turbine. Such turbines are particularlyl soiteses
near people, such as rooftops, gardens, and farms, since they are quiet andamienance.
They have particular relevance for crowded countries such as Israel where there is a shortage of
open space for gigantic megawatt wind turbines. In &ddj distributed generation of power is a
security asset.

We built and installed the prototype pictured here and
installed it in our experimental wind farm at Rotem
Industrial Park in early 2008. Most of the prototype
manufacturing was at factories in éhBeersheva area. For
current mass manufacturing, we moved to 1&&tified
facilities in the Negev. We called it the Wind Lotus because
it is surrounded above and below with a shape that
reminds one of a lotus.

Wind Lotus version 2, shown on the front eoyis now
in production in Israel and achieving early sales in the US
and Israel, while we are developing many other markets for
sales. It will come with a choice of a 3.5 okilbwatt
generator. It provides more power at a lower cost than
turbines in it class.

An important factor in determining small wind turbine feasibility is the annual wind velocity
distribution for a given location. Most of the wind velocity data available in Israel was not sampled
with wind turbines in mind. Since the power of winképends on the velocity cubed, minute
differences of wind velocity can be significant in calculating expected annual output. The
topography in Israel is such that appreciable changes in the wind velocity occur over small changes
in location. The differere between hourlysampled wind data and minuteampled wind data can
give a difference of over twenty percent in the estimate for the annual energy output. This is
relevant to users of the Wind Lotus, because it increases the upside effect of these clranges
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wind velocity more than other turbines, so that its power output is much higher than what one
would expect from looking at the average velocity alone.

Leviathan Energy has grown to include other distinguished Israeli managers, such as
Gadi Harelithe COO, a distinguished entrepreneur with an electrical engineering background and
experience in the high tech and communications industrigse Van ZwarenVP of Business
Development, a physicist who formerly worked in the Ministry of Science and developed
numerous nanotechnology projects, aren Kolman director of manufacturing, an industrial
engineer who has directed manufacturing operations in 30 countries.

In addition to the Wind Lotus, the company has launched two more products: The Wind
Energizer, Wich increases the power output and decreases the maintenance costs of large wind
turbines, and the Benkatina Turbine forpipe hydroelectric power. More details are available at
www.leviathanenergy.com.
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