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Abstract

Methods

This study explored the feasibility of creating a system to desalinate seawater and deliver
high quality fresh water at a fraction of the price of a typical desalination plant. The energy cost
to force salt water through a membrane is typically the limiting factor determining end price and
feasibility – I propose to mitigate the high-energy cost by using the existing, natural pressure in
the ocean, to do the work needed. If successful, the potential for affordable water may be able to
provide crucial resources to billions of people who are currently experiencing water scarcity
issues.
Pressure increases in the ocean with depth. At 300 meters, the ocean pressure is equal to
the osmotic pressure needed to force seawater through a desalination membrane. In effect the
ocean provides the energy needed for the process, which has been previously supplied by fossil
fuels in surface based plants.
There are further reductions in energy costs and benefits; reducing the size and
infrastructure that is needed could further reduce energy costs, as well as pretreatment chemicals
that have been a source of pollution and concentrated brine residue that is also considered a
source of pollution can, with this system be eliminated.
The exploration of this venture is from the technical development, engineering side with
systems design, the availability of site locations that are feasible and from the economic side,
evaluating research, construction and operation cost, against a base cost that must be surpassed.
Results show that: 150 sites around the world fit the criteria with many of them being islands.
Additionally, when compared to established price structures of traditional reverse osmosis
facilities, this system can come online at less than 10% of the cost of traditional surface based
reverse osmosis plants.

This analysis will design a system that can deliver fresh, drinkable water, at a
substantially lower price and with a reduced energy cost. In order to establish a working platform
to run system specifications and comparisons from, I have designed a preliminary system that can
be used as a starting place for testing. Capacity, costs and energy requirements are the key
features that will be evaluated and determined, then compared to a surface analog.
Site-specific information has been gathered to understand potential feasibility in different
locations around the globe. When looking at specific locations, individual water requirements
and scarcity have been evaluated to determine need and positioned against optimized depth,
distance to shore and availability of renewable sources of power. The data was then overlaid in
an effort to determine possible locations.

Results
This system harnesses the forces of nature to mitigate the energy required to force water through a membrane. This system will be below the ocean depth associated with 27
atmospheres of pressure or approximately 306 meters. The structure would be mounted 50 meters above the sea floor to account for silt and ocean debris. There would be a chamber,
not unlike a tanker ship, that would represent the vacuum needed and would be pressurized at 1 atmosphere. In the front of the chamber a cellulose acetate membrane would sit and
diffusion would occur with a flow rate that will be determined by the volume of water desired. Currently the system is sized at 1 m^3/second which translates to 264 gallons/second.
The diagram below shows a system that utilizes cellulose acetate membrane and the formula used to determine the energy requirement that is needed to receive a volume of 1m^3/
second of fresh water on the surface.

Introduction
Water is the major element upon which human life depends. Manifestations of
human society have thrived around sources of water and consequently, water, is an integral
part of our shared existence. Consistent sources of fresh water that human beings have
relied on for millennia have become increasingly stressed from population expansion,
pollution and industry, and are in danger of being depleted (WWDR2 2006).
Clean water and access to it has become a problematic subject in every nation around the
globe; one which policy, investment and conflict are the main tools employed to deal with
the situation. Water scarcity and water security issues are historically responsible for chaos
all over the world. “The drought in Zimbabwe in the early 1990s brought a 45% decline in
agricultural production, an 11% decline in GDP and a 60% decline in stock markets” (SIWI
p.25), this is just a single example that exemplifies the reliance on water in relation to all
aspects of a nations society.
In this modern age, there is little difference; water is just as much of a vital resource
as ever, and dependency has only grown. Looking ahead, as population is predicted to
increase, and development surges, water use is predicted to swell with it (figure 1a),
particularly in the developing world (figure 1b). As a result, the availability of the current
supply of water is decreasing, and shortages are occurring.
Adding to water scarcity and water security issues is the fact that water, which is
potable or able to be consumed by humans, is represented by less than 3% of the total water
on the planet. Within that sphere, 2% is locked up in sea ice, leaving only 1% of all global
water accessible for consumption. This makes water, one of the scarcest resources on the
planet when evaluating based on necessity. Coming up with an affordable way to gain
access to the 97% of water that is currently saturated with a degree of salinity, is crucial to
the continued health and development of society and the focus of this study.

Figure 1a.

Site feasibility studies have shown that there are 155 locations that meet the current criteria for the deep sea desalination system. Not all have an increased need so a further
feasibility parameter was added to understand feasibility as it related to need.

Figure 1b.

This study shows the effectiveness of utilizing the pressure that exists in the deep
ocean as a way to mitigate the energy cost that has traditionally prevented a more
widespread use of this technology. Coming up with a sustainable source of water is worth
the investment in research and development for this new technology and if successful may
have a wide reaching impact on areas that are in critical need of fresh water. The multitude
of concerns related to scarcity of water issue justifies creative thinking, till now the process
of desalination has been hindered by the incredible energy demand needed and the price of
energy. I mean to change the fundamental drivers of the system by harnessing the energy
needed from the extreme forces that exist within nature.
This system will seek to negate the energy required, which has been traditionally
supplied by external sources and utilize the incredible pressures that exist in the depths of
the ocean to force the seawater through the membrane. The freshwater, once collected deep
underwater will be pumped to the surface with power coming from renewable sources. This
study explores an in depth technological analysis to determine systems design and a
financial analysis to determine if it is possible to create a system that can reduce costs
significantly enough to beat the current lowest price for desalinated freshwater of .45c per
cubic meter in order to prove feasibility. Additionally, after the systems design has been
completed, an integrated site optimization has be run on the globe to see where locations
that meet the necessary criteria exist.

Conclusion
• System Specifications
• Minimum wind speed 1 meter/Second
• Minimum depth 300 meters (33 atm)
• Maximum distance 10 kilometers
• Site feasibility
• Not all locations with need are candidates
• Island geography makes many islands perfect candidates

• Cost Comparison
• Perth Australia cost:
• $266 million construction and development
• $16 million per year
• Underwater high pressure system cost:
• $25 million in construction and development
• 1.25 million per year
• System can come online at 10% of the price of a traditional surface plant

