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Investment costs Electricity
Technology based on ($ US/KW) in 2005 generation costs
(¢/kWh)
Large hydro 1,500-5,500 3-12
Small hydro < 10 MW 1,800 - 6,800 6-15
Wind onshore 900 - 1,100 3-8
Wind offshore 1,500 - 2,500 7-22
Geothermal 1,700 - 5,700 3-9
Solar PV 5,000 - 8,000 18 — 54
Solar thermal 2,000 - 2,300 10.5-23
Biomass 1,000 - 2,500 3-10
Ocean (current, tidal, wave) 55-16
Coal 1,000 - 1,200 2-6
Coal with CCS 1,850 - 2,100 4-6
Natural gas 450 - 600 4-6
Nuclear 2,000 - 2,500 25-175
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Annual Average Net Power Production of an Energy Tower
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Annual Average Net Power Production of an Energy Tower
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Electricity Cost vs. Tower Height for different Diameters
I=5%, n=30 years
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(1) Background and framework
1.1 Old history

Prof. Dan Zaslavsky and Prof. Dov Ingman jointly developed a new idea for desalinization. This
work has been going on for several years (since 1994). Lack of means forced us into a far too
slow a pace. The little budget was provided by research grants by the Israeli Water Commission
and by our own means. Our self means spent until now are estimated to be around 2,360,000
NIS, and 888,900 NIS by the Water Commission.

On the face of it, while observing the procedure very superficially the procedure tried by us
would remind a similar activity followed by other leading investigators which have been leading
to almost a trivial result. It can be described as follows.

Two graphite electrodes are dipped in water. DC electricity source loads the two electrodes. Each
electrode acts as one side of two capacitors in series. Anions migrate to the anode and cations
migrate to the cathode. The ions are taken out of the water between the two electrodes. This is
then the essence of the desalinization.

The electrodes are produced to have the highest possible specific surface area and take the form
of some kind of a porous material. It is a very interesting and cheap replacement, in some cases,
for an ion exchanger. The water without the ions is drained, being the product. Dirty water
replaces it and the electrodes are short circuited. The ions absorbed on the inner side of the
electrodes are then released to the dirty water which is disposed off. This is a complete cycle of
desalinization. While descriptively, this process reminds ours, our physics is totally a different
process. I use the above only to produce a descriptive tool and a comparative measure of our
achievement.

Most of the research and development done so far by others, concentrated on the following:
Production of electrode materials of high surface area (actually porous materials) in a cheaper

way and getting a faster and larger exchange of the solutes between this porous material and the



water bulk in order to shorten the cycle time of the process or the rate of the desalinization, and
thus, the cost per unit weight of solutes.

The overall result proved economically very disappointing. Possibly one of the only interesting
uses is to replace ion exchangers and reduce the concentration of sodium and boron as a
finalizing process, following Reverse Osmosis. Reverse Osmosis membranes are not selective
enough to these two cations. This process doesn’t replace the use of activated charcoal filter
which is a must in order to clean out various organic pollutants before the membranes and
following them. The service life of activated charcoal is limited and its use adds significantly to

the cost of the complete water treatment.

1.2 Our new discoveries

On our work, so far, we did the following:

a. Demonstrated ways by theory and by tests to reduce the energy involved to nearly
one quarter of what has been done so far and possibly even less;

b. We have proven that the attempt to obtain a very large surface area of the electrode
is absolutely counter productive. In fact, futile. This conclusion leads to a series of
possible techniques for very cheap electrodes. As an illustration, using the old
physics, the amount of ions taken out of the water in one cycle grows with the
surface area. However, the time for one cycle is exactly proportional to the capacity
of the electrode, and possibly higher. Thus, the two economically contradicting
effects cancel each other;

c. Using a totally different physical principle allows us to reduce dramatically the cost
of the hardware and the cost of the energy per unit weight of solutes. Furthermore,
the desalinization will not be limited to ionic solutes. It would be effective also on

organic solutes.

To better illustrate the meaning, we quote here two computed formulas, without entering into

details.
f-A
1 Ch=—
o
B
(2 Co=—
o



where:

Ch s the cost of the hardware per unit weight of solutes which is taken out of the water; C. is the
cost of energy per unit weight of solutes taken out of the water; f is the cost of hardware per unit
time; A & B are two combinations of design parameters. Finally, the main point is the parameter
o which is an expression of the physical process effect which was added by us.

We are very optimistic about having a satisfactory value of f. For past computations we have
assumed a life expectancy of the electrodes to be a whole year. Then we got an estimate cost of
the desalination of the present day best technologies of 1/10. Moreover, it is anticipated that the
life expectancy of the electrodes could be extended almost to infinity.

The physics of our new process leads to the feeling that the usual process of poisoning the
electrodes of filters will not at all happen here. And thus, we anticipate long service life.

Next, we have several ideas of how to revive the electrodes periodically if they deteriorate with

time after all.

1.3 Efforts to measure o. and to increase its value in order to further reduce the costs

We have proven by two independent analytic ways and three series of laboratory tests that:

a. o equals one without our new process;

b. At sea water solute concentration about (35 grams/liter) o reached even 3000 !!! (yes,
three thousands), meaning that the cost per gram extracted from the solution is
unbelievably low. The value of a gradually reduces as the solute concentration reduces.
At drinking water quality o — 1. The lowest value we have measures was closer to 100.
One of the physical consequences we have discovered led us to believe that we may still

increase o at lower concentration.

Integrating the cost over the whole range from sea water quality to drinking water, still leads to a
very low cost, possibly near to one tenth of the lowest cost technology today.
At worst, the new process can be used in series with Reverse Osmosis to perform the final step of

desalinization or the first step.



1.4  Byproducts
An important note must be added concerning future applications. Some very interesting
processes were discovered. Some of them kindle the imagination with respect to other possible

applications in energy storages, industrial chemistry and other fields.

(2) Future work
Following is a brief summary of our future work - the target being to commercialize the new

method that may reduce the cost of desalination to less than 10 ¢/m”.

The work plan

Phase Zero - Patent Search

File a provisional patent registration and run a thorough patent search.

Phase A - Detailed study of the method parameters

e Establish a dedicated lab with sufficient capabilities.

Create lab prototypes of several electrodes and conduits configurations.

Develop and compare performance of continuous operation techniques vs. batch

operation.

Develop configurations that would lower the hardware cost and extend its life expectancy.

Develop configurations that would increase the system reliability and decrease

maintenance cost.

This phase is expected to last 12-18 months (a possible maximum of 2 years). The
required budget is estimated at $2M.

e We suggest securing $1M to start immediately the work, and, in parallel file the patent. If
the thorough survey comes out right and possibly some patents accepted, we can try to
make a judgment and decide about the continuation to the next financing stage.

Phase B - Prototyping
e Erect at least two or three small-scale modular lab units, to prove scalability and

commercial feasibility.



e Research prototype's performance, reliability, maintenance, and all cost parameters.
o Enter strategic agreements with top-tier desalination contractors.

e Phase B is expected to last 12 to 18 months, and require $2.5M to $3M. It may start

concurrently at mid-term of phase A.

Phase C - Operational models
e With guidance from strategic partner, construct operational module (about 5 units).

e Test operational module's performance.

Design subsystems required for integration of desalination modules in a commercial plant.

Prepare for external mass production of desalination modules, keeping at least one critical
technology aspect (hardware or software) confidential to remain under our control.

e Supervise mass production, test and debug the system and the production process.

This phase is expected to last up to 24 months, requiring a budget up to $10M. The figures

are rather uncertain at this early stage.

Like phase B, phase C can be advanced to overlap stage B if the company and Mabua find

it recommendable.
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