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Abstract: This is a proposal to develop a new source of renewable energy relying on hypersaline
osmotic power generation technology that has been developed by MIK Technology, potentially for
generating up to 400 megawatts of sustainable power from the Great Salt Lake, Utah, operating
isothermally without generating any emissions. The proposed technology would reduce Utah State’s
demand for coal by 10% or natural gas by 50%, using a clean and safe renewable source of energy.
I. Osmotic Power Generation Concept
Osmosis is nature’s gift to life. It is the vehicle that transports fluids in all living cells and without
it, all biological functions and all forms of life cease to exist! Osmosis is the spontaneous movement of
water, through a semi-permeable membrane that is permeable to water but impermeable to solute.
Water moves from a solution in which solute is less concentrated to a solution in which solute is more
concentrated.
The driving force of the flow movement is the difference in the chemical potential on the two
sides of the semi-permeable membrane, with the solvent moving from a region of higher potential
(generally of a lower solute concentration) to the region of lower potential (generally of a higher solute
concentration).
The term “Chemical Potential” at times can be ambiguous and elusive. In fact, it is one of the most
important partial molal quantities. It is the energy source associated with the activity of the ions of an
ionizable substance. It is equal to the rate of change in free energy of a system containing a number of
moles of such substance.
Chemical potential can be viewed as another form of energy like electrical, gravitational,
momentum, magnetic, surface tension, etc. Thermodynamically, this energy is expressed in terms of
what is conventionally known as Gibbs free energy.
To prevent water permeation across the semipermeable membrane, a pressure has to be imposed
against the permeated flow to equalize the force created by the chemical potential difference across
that membrane. This force is named osmotic pressure. If the imposed pressure exceeds this limit, then
water begins to flow from the region of higher solute concentration to the region of lower solute
concentration. In this case, the force is named reverse osmosis pressure.
A.

Osmosis Thermodynamics

Thermodynamically, the internal energy generalized differential form is given as:
dU = TdS - pdV + μ dN + dQ + v dp +  dm + l dA ...

(1)
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Where, entropy S, volume V, amount of substance N, electric power Q, momentum p, mass m,
area A, etc. are extensive quantities and temperature T, pressure p, chemical potential μ, electrical
potential , velocity v, gravitational potential surface tension l, etc. are energy-conjugated intensive
quantities.
The combined first and second laws of thermodynamics can be reduced in terms of Gibbs free
energy to give:
dG = Vdp – SdT + Σi μi dNi

(2)

This relation is further reduced to give a simple mathematical relation in terms of osmotic pressure
, concentration and temperature. Osmotic pressure was originally proposed by Nobel Laureate Van’t
Hoff and modified to include Staverman’s osmotic reflection coefficient to become:
 = ICRT
Where:
 = Osmotic pressure or force imposed on the membrane given in bars, atm, psi, etc.

(3)

= Osmotic Reflection Coefficient (NaCl = 0.93, CaCl2 = 0.86, MgCl2= 0.89, etc.), It is ratio of
real to ideal osmotic pressures for a given membrane,
I = Ions concentration per dissociated solute molecule (Na+ and Cl- ions = 2),
C = molar concentration of the salt ions,
R = gas constant (0.08314472 liter· bar / (k.mol)),
T = ambient temperature in absolute Kelvin degrees.
The average concentration of salt in oceans around the globe is about 3.5% (35 gram/liter), mostly
in the form of sodium chloride (NaCl). For simplicity of calculation, it is assumed that seawater
contains 35 grams NaCl/liter. The atomic weight of sodium is 23 grams, and of chlorine is 35.5 grams,
so the molecular weight of NaCl is 58.5 grams. Therefore, the number of NaCl moles in seawater is 35
/ 58.5 = 0.598 mol / liter and the osmotic pressure of seawater is:
 = [0.93] [2] [0.598 mol/liter] [0.08314 liter. bar/ (k.mol)] [293 K] = 27.1 bar =393 psi
B.

Osmotic Power Systems

The osmosis process for salinity power generation is rather simple and requires few basic units of
operation; semi-permeable membrane modules, solution pumping means, turbine generators to recover
osmotically generated energy and means of flow control.
Considering a freshwater-seawater osmotic scenario as an example, if the seawater with 3.5% salt
content is pumped at a rate of 1m3/s (one cubic meter/second) on one side of a membrane and
simultaneously freshwater on the other side of the membrane is permeated across the membrane with
the same flow, then the flow leaving the seawater side is at a rate of 2 m3/s, but now at half of the
original concentration or 1.75 percent.
It should also be clear that the seawater pumping pressure in the system is equivalent to the
osmotic pressure of the diluted seawater at the point of discharge from the membrane that will then
enter the turbine. In another words, the seawater pump delivery must have a pressure of 196.5 psi,
which is equivalent to the osmotic pressure of the 1.75 percent salt concentration.
MIK Technology ISO (1) osmotic salinity power is unlike any other technology (2, 3), a patent
pending technology that promotes the concept of Large Scale Renewable Energy (LSRE) from hyper
saline waters. Scientifically, MIK Technology invention introduces a unique process concept
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employing a series of hydraulic cycles, operating in symbiotic mode within a concentration potential
field to exploit the chemical potential dissimilarity of solutions. The proposed isothermal osmotic
energy cycle approaches reversibility and is analogous, in its thermodynamic concept, to the Carnot
Cycle. We named it the “ISO Cycle”, also the “Reversible Liquid Power Cycle”.
This energy potential is attainable anywhere natural or manmade physical domain or ecological
topography allows for cycling of waters of dissimilar salt concentration, preferably via evaporationaccumulation by solar energy. Seawater-fresh water is impractical power source (4).
Further, the technology is reversible and can be employed as a heatless water extraction device for
concentrating fluids containing various types of solids.
The subject technology targets world natural basins(5) such as the Great Salt Lake-U.S., Lake
Natron-Tanzania, Lake Assal- Djibouti, Lake Urmia- Iran, Lake Baskunchak-Russia, the Dead SeaIsrael/Jordan, Lake Eyre North- Australia, Lake Van-Turkey and many others. This technology is also
well adapted to many of the dry salt lakes such as the Aral Sea- Kazakhstan, Badwater basin- U.S.
Death Valley, Qattara Depression- Egypt, Chott el Djerid-Tunisia, Chott Melrhir- Algeria, salt domes,
manmade salt ponds and formulated inexpensive concentrated brines.
In fact, MIK Technology has presented a paper (6) to the Fourteenth International Middle East
Power Systems Conference Cairo, Egypt, December, 19-21, 2010 proposing the transformation of the
mid-Saharan Qattara Depression region into a completely self-sustainable and habitable community for
3-5 million people, relying on MIK Technology ISO Osmotic Power Generation Concept to generate
3-4 Gigawatts of power to promote agricultural and industrial developments, and create the largest
inland manmade aquatic habitat and world class resort.
II. The Great Salt Lake (GSL) Water Domain
This Great Salt Lake is the remnant of Lake Bonneville. It is the 4th largest terminal lake in the
world and the largest salt lake in the western hemisphere. It is about 75 miles long and 28 miles wide.
On the average, the lake covers an area of approximately 1,700 square miles (4,400 km2). The lake
holds more than 30 million acre-feet of water with average depth 33 ft. (11 m). In 1963 the lake
reached its lowest recorded level at 950 square miles (2,460 km²), but in 1987 the surface area was at
the historic high of 3,300 square miles (8,500 km2).
According to Utah Geological Survey, an average of about 2.9 million acre feet (114 m3/sec) of
water evaporates from the lake annually. When inflow equals evaporation, the level of the lake
remains constant. Based on the Great Salt Lake Information System, the vast majority of water to the
Great Salt Lake is provided by surface flow (and groundwater to a much lesser extent) from the three
sub-basins (Fig. 1) on the east of the Great Salt Lake. These are Bear River, Weber/Ogden Rivers, and
Jordan/Provo Rivers, which have their source catchments located in the Wasatch and Uinta Mountains.
The lake hydraulics comprises these main rivers and numerous small streams at 66% of the flow,
direct precipitation at 31% and ground water at 3%. Salinity in inflow is less than 0.1%, The
significance of the West Desert Basin is its position as the gateway in the prevailing westerly
meteorological systems that drive the hydrology of the eastern Great Salt Lake Basins. Drainage basin
is 21,500 square miles.
In 1959, a rock-fill causeway was constructed to support railway service. In 1984, a 300 feet
breach was constructed on the west side of the lake, in addition to the original two 15 feet-wide by 20foot-deep open culverts to control the lake water rise at that time. This causeway supporting the
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railway divides the lake into three portions (Gunnison and &Willard bays to the north and Gilbert Bay
to the south).

Osmotic Power Plant
Proposed Location
Proposed Location
of

FIG. 1: The Great Salt Lake Water Basins
The flow of water across those openings is relatively restricted causing the south arm to be about
three feet higher than that of the north. This causeway design has partitioned the lake into two bodies
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of water, the north arm comprising Gunnison and Willard bays and the south arm comprising Gilbert
bay. Such design prevents proper mixing of brine between the north and south arms. As a result, the
south-arm brine became less saline than the north-arm brine since it receives water from all major
tributaries (the Bear, Weber, and Jordan Rivers).
South Arm salinity ranges from ~6 % to ~28 % with an average of 15%, while North Arm salinity
ranges from ~15 % to ~28 % with an average of 27%.
III. The Great Salt Lake Osmotic Power Potential
This causeway drawback represents exceptional advantages for our proposed salinity power
system; this location provides the optimum operating and economical condition to operate such
system, particularly if the state of Utah allocates a space for the salinity power project on the southern
tip of Promontory Mountain as shown by a red star in FIG. 2. Availability of saline water and fresh
water in close proximity, yet in complete isolation from each other for the full circumference of the
lake is an advantage hardly matched in any other domain.

FIG. 2: The Great Salt Lake and vicinity- proposed Salinity Power Plant [ ]
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MIK Technology promotes its osmotic power concept to generate power employing the dissimilar
salt content waters in the lake; salt water from Gunnison Bay and fresh water from Bear River Bay. On
average 2,000,000 acre-feet of water flows into the lake from the three main tributaries, the Jordan
River (20%), Weber River (22%), Bear River (56%) and other sources (2%). This would be the source
of fresh water to energize the power generation system.
For this project, water intake from Gunnison Bay is estimated to contain 24% salt, mostly in
sodium chloride form. We estimate that for every 1m3/s from Gunnison Bay high salinity water 3 m3/s
of freshwater will be required. Net energy per 1m3 of saline water is 16.5 MJ/m3 (5.5 MJ /m3 of
freshwater).
For a large scale application, freshwater is a limiting factor. If the availability of freshwater is 75
m3/s considering consolidating its flow into Bear Bay, then the lake net energy potential is about 412
MW or 3.6 x 109 kWh per year. The generated energy seems sufficient to meet electrical demand of
400,000 household. FIG. 3 depicts the flow pattern and operation scheme of the proposed plant.

IV. GSL Osmotic Power Project Plan
Salinity power generation is an emerging field in the quest for renewable energy. The science
behind this field of technology is based on exploiting the osmotic pressure difference between waters
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of dissimilar salt concentration to drive a hydroelectric generator. As indicated, our technology
promotes the concept of Large Scale Renewable Energy (LSRE) from natural and manmade hyper
saline water domains. Implementation plan comprises at least three phases
Phase 1: Each domain has its own peculiarities and each power generation system is custom
tailored to meet water domain requirements. Water quality and condition vary from one domain to
another. Therefore, it is essential to construct a Salinity Power Laboratory to house a 10 KW fully
functional, automated and computer controlled prototype to support testing and defining the design
parameters of any commercial osmotic power generation system. Such parameters include water
chemical composition, biological forms in water, area topography, water availability, environmental
conditions, flow pattern, longevity of osmosis membranes, sustainability and control of the system, etc.
This proposed salinity power laboratory and research work would costs $15-20 millions, but such
facility will be also required for training plant operators and technicians, as well as promoting a handon cadre of intellectuals and specialists to manage the development of the global salinity power
industry.
Phase 2: The second phase will construct a 10 MW power generation pilot plant at the Great Salt
Lake on the tip of Promontory Mountain site, at an estimated cost of $50 millions. The pilot plant will
be supplied by 25 ft3 (0.71 m3) of saline water from Gaussian Bay and 75 ft3 (2.1 m3) of fresh water
from Bear Bay. Means for pumping and water treatment of the incoming flows will be provided to
maintain operation stability of this system.
Phase 3: The success in achieving phase 2 more likely will lead to building a commercial plant to
harness the lake osmotic potential. This plant will be built of several trains (50-75 MW each) with
adequate redundancy to sustain continuous operation and provide a grid for power distribution and the
necessary infrastructure modification to achieve the required flow pattern in the lake and maximize the
lake energy potential. Estimated project cost could exceed 1.0 billion dollars.
We hope that the State of Utah adopts and supports this project since the state is the primary
beneficiary of the project. We would also appreciate the support of the federal government and the
technical community in promoting this technology, which we believe will be a major advancement in
the field of renewable energy.
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