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ABSTRACT

The Caribbean island Republic of Haiti is a courtitgssed with cold (4-6°C) deep ocean
water (DOW) in close proximity to its entire caaBhe Common Heritage Corporation (CHC)
has been developing economic and environmentakbfagable, self-sufficient community
habitat systems at the Natural Energy Laboratorga#aii Authority (NELHA) for more than

a decade. A demonstration DOW system with pipelipesnps and reservoirs to access the
cold resource is now in operation which fully dersiwates the economic and environmental
sustainability of such systems even for nationg #ra virtually devoid of capital, trained
manpower and terrestrial resources. The systemdegend on the proximity of cold deep
ocean water and high solar insolation.

Each DOW system has five potential profit centéi3:generation of electricity with Ocean
Thermal Energy Conversion (OTEC) and Thermal Eleddenerator (TEG) systems; (2) air
conditioning and industrial cooling; (3) fresh eaproduction; (4) cold water agriculture; and
(5) marine aquaculture. Two types of DOW systenrs ki@ designed to serve many purposes:
Type 1 is a CHC basic system to provide an ecoraiyiand environmentally sustainable
habitat on a tropical coastal desert, while Typs @ system designed to focus on providing
high market value recreational experiences, e.glfiaesorts, cold thalassotherapy and sports
facilities in these tropical coastal desert loaagio

The Haitian corporation, Energies Naturelles (EmayS.A.), and CHC have negotiated a
joint venture agreement for the purpose of estaiplgs along the coast of Haiti a complete
system of five DOW sites linked by sea transpastatiand submarine fiber optic
telecommunications. Each site will be provided vatiiype 1 or a Type 2 DOW system or a
combination of the two. This paper describes tmowative technologies employed in the two
types of DOW systems and how such ocean technaslagie create paradise along much of the
coastline of Haiti.



INTRODUCTION

When Christopher Columbus discovered the Caribliskamd nation of Haiti by entering
Mole’s Bay on the sixth of December 1492, he mdedeht the beauty of the bay where his
caravel had dropped anchor. He set dazzled eyescoast of golden sand fringed by leaning
palm trees and admired, in the background, thehbggeen of the mountains covered with
mahogany trees, all kinds of tropical fruit treesl anulticolored orchids. “The most beautiful
in the world...almost like...Castile” he later wrote hdh U.S. Senator Mike DeWine returned
from his ninth trip to Haiti in January 2002, hgoeted in an article posted in the Miami
Herald Web site on the T7f March 2002 that the country - once a lush, itaipsanctuary -
was now a "paradise lost" where he witnessed "datras, destitution and desperation”.

The Republic of Haiti is the leeward half of thade wind Caribbean island of Hispaniola

which it shares with the Domonican Republic andohhithe Windward Passage separates from
Cuba itself located only 90 miles from the Floridays. Because of the trade winds, the

coastal regions of the country are, for the most, plty and barren, so that its topography is
characterized mainly by coastal deserts and mawntai

Moreover, because peasants, of necessity, happedrthe land of its tree cover to produce
firewood and charcoal (the country's primary fuedgday the thick forest that once blanketed
the nation and was an object of wonder for ChriséspgColumbus covers only 5% of the land
area, 95% being deforested (Cobb, 1987). As ikmstl in the map below, once one of the
world's most productive agricultural regions, agtigre in Haiti is now limited to scattered
patches, being marginal or nonexistent in the redsi of the land. Yet Haiti is an essentially
agricultural country with very few terrestrial resoes. Does this mean that it is a hopeless
case with no signs for optimism? Is there any hibya¢ some day it will become in Milton's
words a "paradise regained"?

) Ta
Atlantic Ocean Portde-pal g
L T t

Sader-Miooan "M, Gaplaman
Baie t Henra = My

HAITI —

illmiuﬁmﬂ

Guifof Gondve 4 pussss
B roaesr r =
MARGINAL AGRICILTURE ar SCRUE i JHincha
T ABRISULTUVE HoMarts
iy, §
Gonidve Island %
Anses Gamta Ly »E
adérimia
ek SN i Port-au-Prince - .E
3 - i Savmarm
WSS o
Los gy e G > L
Part & Pimente i L glaumal ;
{ *Los Cayes s W Heds Anss
Post-Salute Vacha
Itand Anse-4-Fi
Caribbean Sea e

Based on a National Geographic map in Cobb (19)

2



This paper describes how a complete system ugjizinnovative deep ocean water
technologies can revitalize Haiti by creating p&adn at least five promising geographic sites
identified along the coast of the country.

Haiti and Cold Ocean Water

Fortuitously, Haiti is blessed with deep ocean wateclose proximity to its entire coast. This
iIs evident in a conventional map of Haiti on whitdme 1,000-meter isobath has been
superimposed. Even its largest offshore island,aBersland, is surrounded by deep seawater.
Thus, Haiti, by virtue of its land-sea configurati@nd its 200-nautical mile exclusive
economic zone (EEZ), is the most favored natiothan Caribbean for access to deep ocean
water.

100C-meter Isobatt

In maps revealing the difference in temperaturgvben the surface water and water at a depth
of 1,000 meters in the world's oceans, this diffeeeis more than 20°C in a band from
latitudes of about 25° south and 32° north of tihegdfor extending from east to west (Penney
and Daniel, 1988). It is calculated that these seat day absorb solar radiation equivalent in
heat content to that of about 170 billion barrdlsiband may become the oil fields of the 21st
century. Haiti (arrow) is conveniently located Htitudes of 18° to 20° north of the Equator
where it can take advantage of the earth's natgean thermal energy conversion system,
which distributes cold deep ocean water to thei¢cedpegions. Indeed, the country occupies a
region where the temperature difference betweennidren tropical surface seawater and the



cold arctic or antarctic water at a depth of 1,00&ers is 22-24°C, a difference that can be
exploited in various ways.

Lengitue ’
40E  80E mlus mlur: 160W 12:;w BOW  40W 0
Latitude SSRTREE

=
=
=
L
H
*

o
-]
Lo
~
|

i |

L

208 A1 :

‘ 1
NS v e e e et e e

Temperature difference between surface and :l=|:lh of 1000 meters

|=BB ﬂ'lﬂl'l 1 BUC 22!:' tn 24Dc

JI 18" to20°C more than 24°C

20"t 22°C

The Common Heritage Corporation and Cold Deep OceaWater

The Common Heritage Corporation (CHC) of Hawaiiaideader in the development and
demonstration of new technologies for use of thelEsamost abundant and useful resource -
deep ocean water (DOW). In addition to being c&@W is rich in dissolved inorganic
nutrients (nitrates, phosphates and silicates)feeel of surface pathogens. It is a renewable,
abundant and inexhaustible resource that can b& csetinuously and in a non-polluting
fashion. This virtually unlimited resource is alsexpensive. A simple calculation shows that,
while it costs US10¢ to pump 1,000 gallons of DG¥Wyould cost US$3.00 to refrigerate the
same volume of water. In the Kochi Prefecture @iada local residents have been encouraged
to find commercial applications for pumped up dsepwater; one of the applications they
have come up with is bottling the pure, nutrieshrseawater after desalinization (Hisatake,
1997). One 750-ml bottle of this pure water setls S$10.00. No wonder Dr. John P.
Craven, the CHC founder and Chief Scientist, enjmseating that deep ocean water is
"CLEAN, COOL, CASH".

The Natural Energy Laboratory of Hawaii AuthoritfELHA), located at Keahole Point on
the Big Island of Hawaii, operates a variety ofyathylene pipelines and pumping stations
which access seawater from depths of 17 meters avittmperature of 2€9°C and 700
meters with a temperature ofG (Daniel, 1994). At its Demonstration Site at tELHA,
which is a functional living habitat, the CHC hasvdloped DOW technologies that encompass
a number of revolutionary methods and applicatidiigese technologies constitute the Deep
Ocean Water Energy Recovery (DOWER) system thattlv@e major components: (1) the



Energy Utilization Subsystem, (2) the Cold Utilibat Subsystem, and (3) the Nutrient
Utilization Subsystem. As the water passes thraagth linked subsystem, it gradually warms

Deep Ocean Water Enerqgy Recovery (DOWER) System

before it is discharged into an injection well ogtland/park where 1t reaches ambient surface
ocean temperature for final discharge. This pap#rfecus on how the use of DOW, either
alone or in combination with warm surface seawatereach of these subsystems can
transform many of the barren coastal deserts df éd oases of prosperity and plenty.

Energy Utilization Subsystem - OTEC and TEG Technlogy

Ocean Thermal Energy Conversion (OTEC) is a proselsieh utilizes the temperature
difference between warm surface seawater and cedp cbcean water to drive turbines to
generate electricity. The OTEC process requiresrgerature difference of at least 20°C. This
is achieved by using concentrated solar energyhhatbeen absorbed by warm 24° to 29°C
tropical surface seawater in combination with c6t€ seawater pumped from a depth of at
least 600 meters. Since the temperature of botlropécal surface seawater and the cold deep
ocean water stays fairly constant daily and throughthe year, the 20°C temperature
difference is always available both day and nigitt ftom season to season.

Basically, there are two different OTEC systems tf@ extraction of thermal energy from the
oceans to generate electricity: the open-cycleesysind the closed-cycle system. A summary
of this technology is given by Penney and DaniéBgl).

Open Cycle OTEC exploits the scientific principteat water boils at low temperature in a
vacuum. In this system, warm surface seawater (aB66C) is pumped into a vacuum
chamber. The low pressure (1,400 pascals) of tlanbkr causes the seawater to boil and
partially vaporize at that low temperature. Theul@sg low-pressure steam turns a turbihat
drives an electrical generator. After it has pas#@dugh the turbine, theteam is then
condensed either by "direct contact” with cold ss@wor by passing it over a heat exchanger



through which cold ocean water is pumped, theregbyiding a
cold surface to reliquefy the steam. The resultamdensate is
a bonus byproduct - desalinated water that hasptingy of
distilled water and a crisp taste and can thereffereised for
drinking and irrigation. A 250 kW experimental opeytle
plant was built at NELHA in the early 1990s. Thaifity has
used 150 kW to operate the plant, resulting in K¥0of usable
electrical power and 7,000 gallons of fresh (desaid) water
per day. Georges Claude, a French scientist wimialented
the neon sign, first designed an open-cycle OTES&tesy,
which he tested at Matanzas Bay in northern Culd®80. The
turbine generated 22 kW of gross power, but consumere
than that in operating, partly because of poorditace.



Jacques-Arsene d’Arsonval, a French engineer, firgpbosed the concept of a closed-cycle
OTEC system in 1881. In the closed-cycle systentmasurface seawater is pumped into a
heat exchanger (the evaporator) containing a loiAigo point “working” fluid such as
ammonia. Heat transferred from the warm surfacemat the heat exchanger vaporizes the
working fluid. The expanding vapor turns a turbdréving an electrical generator. Cold deep
ocean water pumped to a second heat exchangecdtidenser) provides a cold surface to
reliquefy the ammonia vapor. The fluid is then retd to the first heat exchanger. It is
proposed that a hybrid OTEC plant be used for desald water production; the hybrid plant
would include a closed cycle component for eletyrigeneration and a second stage,
consisting of a separate vacuum “flash” evaporatat a surface condenser, for fresh water
production.

Closec-Cvycle OTEC Systen

It is estimated that a 1 MW hybrid cycle plant ganduce one million gallons of fresh water
per day (4,000 fiday), while a 50 MW plant can produce as much @snillion gallons of
water per day (62,000 ¥day). That is sufficient to support a community agfproximately
300,000 people in the developing world (Vega, 1992)e first OTEC plant to yield more
electrical power than it consumed was “Mini-OTE@’,closed-cycle system mounted on a
barge offshore of NELHAOne megawatt closed-cycle plants are under constru@at
NELHA and on an offshore platform in Indidowever, an OTEC generating plant is capital-
intensive to construct and will make economic semsdg if the costs of fossil fuels continue to
rise and are passed on to the customers of wilitiat generate their power from either diesel
or oil-fired conventional generating plants. Oc#a@rmal energy power generation is expected
to be very competitive as an alternative energyc®oto anticipated mean conventional utility
costs as much as US$0.15/kWh or more.

Another promising and competitive electrical enemggduction system using DOW is the
Thermal Electric Generator (TEG) developed by DraxMtell Goldberger, which has no
moving parts, creates no pollution discharge aralisently ready for commercial application.



Basically, the TEG system generates an electricaérpial by using the thermo-electric
potential between dissimilar metals maintained iferént temperatures. A prototype TEG
utilizing solar parabolic mirrors as the heat seund DOW as the cold source was
constructed at the CHC Demonstration Site. The TEGduces an effective temperature
difference of 308C with an electrical output of 1 kilowatt. To maiint electrical output during
non-solar hours, a small reservoir of oil, heatgdgdiar mirrors, is plumbed in the system as a
heat sink. This system, which is estimated to pcedzlectricity at a cost of US$0.15/kWh, can
be expanded to generate 1 megawatt.

Cold Utilization Subsystem - Cooling Technology

One application for DOW technology is cost-effeetair conditioning and industrial cooling.

In warm climates and seasonally hot regions, and@mning and industrial cooling consume

an enormous amount of energy. For large buildings$ lotels in tropical and subtropical

climates, air conditioning represents the majore®wf energy demand for an entire complex.
A single hotel room requiring from 0.75 to 1.0 tohair conditioning per day has an energy
requirement of 0.9 kW of electricity. A hotel corapl or resort with 1,000 rooms has a
possible peak electrical demand of one megawattqusir conditioning.

DOW air conditioning uses the pumped deep seawdatectly or the residual cold water after

it has been pumped up and run through an OTEC .pldr¢ components that make up a
centralized seawater air conditioning system ineluah intake pipe to carry the deep ocean
water, a pumping station to bring the water uppaling station (aluminum or titanium heat
exchangers) to transfer the heat from the freshemwairculating internally through the
buildings to the cold seawater, and a return limeugh which the deep seawater goes back to
the ocean (Van Ryzin and Leraand, 1992).

Schematic of Centralized Seawater Air Conditioningsystem
(From Van Ryzin and Leraand, 1992)




The NELHA, which is located in a tropical coastasdrt, has utilized DOW for cooling
administration buildings since 1986 at substanéiaérgy savings. The picture shows the
titanium heat exchanger used in the seawater adlitoning
system at NELHA. A similar seawater A/C system &xit
Purdy’'s Wharf in Halifax, Nova Scotia. Stockholm efgy
has been cooling properties in central Stockholrth wbld
water from the Baltic Sea since 1995. Also, a ne&ke can
be the source of the cold water resource. Thelérge-scale
application of this cooling technology is at Ithabeew York,
where a 63-inch pipeline was installed to link Gain
University and nearby Lake Cayuga in 1999. The Ipipe
accesses’€ water at a depth of 250 feet. The system, which
can provide 20,000 tons of cooling, is supplying ai
conditioning to the Cornell University Campus ahd tthaca
City Schools. Makai Ocean Engineering of Hawaii was
involved in the design and construction of thailityc The second major application of the use
of cold lake water may be the city of Toronto, GdsmaToronto city planners have been
developing plans to utilize cold water from Laket&io to air condition the downtown district
of the city.

It is calculated that utilizing DOW for cooling caaave as much as 80% of the energy cost
compared to typical compressor type cooling systefnsimple heat exchanger coupled with
solar powered air fans can air condition schootsjeghment buildings, sporting complexes,
commercial buildings and residences cheaply. Dowlicg is both inexpensive and
environmentally sound, for it uses no chemical caagor fluids and is sustainable with no
emissions; it is a thermal process which genenadeleat. It can be inexpensively distributed
long distances horizontally along the shoreline.ebh@r, commercial and residential unit
systems using this technology cool and dry theriottair, creating an environment ideal for
electronic equipment and dry storage. Additionatlyastal resort communities with large air
conditioning demands can become more competitiveedycing operation and energy costs.
One thousand gallons of DOW, which cost US10¢ tmpucan cool 2,500 ¥t Payback
periods for initial capitalization costs are qusteall for large systems (Davidson, 2001).

Cold Utilization Subsystem - Freshwater Technolog

Innovative technologies are being developed to mecdaand capture condensation from
surfaces cooled by flows of DOW to provide lifesayifresh water to many coastal desert
communities. Indeed, a vast proportion of the werldoasline is desert, and the largest
obstacle to sustaining life is the scarcity of freasable water. Although evaporation takes
place, it rarely rains in coastal regions. Moisttsing from the ocean is carried inland across
coastal lowlands, seldom falling as rain untilnteunters a mountain range. DOW technology
has provided innovative methods for producing Hrgmtable water on tropical coastal deserts.
The DOW developments that provide this most prexidesert commodity are: desalinated
water as a bonus byproduct of OTEC systems; frestlrwain from the Hurricane Tower; and

condensate from pipes supplied with cold oceanmwate



One method for producing large quantities of desadid water is an adjacent function of the
open-cycle OTEC system. As described previousky,siystem involves passing warm surface
seawater into an area where the ambient presstedused so that the seawater turns to steam.
The resultant condensate is pure, salt-free freaterwthat can be used for drinking or
irrigation. In fact, the desalinated water produtgdopen-cycle plants is less saline than the
water provided by most municipal water systems @ndree of atmospheric and ground
contaminants. The closed-cycle OTEC system carraatlly produce fresh water. The same
cold ocean water that is employed to run the systam be transferred to a separate heat
exchanger, and fresh water which condenses fronmah&d tropical air can be collected and
stored as a potable water supply. Alternativelyseond stage consisting of a vacuum
evaporator and a surface condenser can be addbeé wosed system for desalinated water
production.

The discovery that large quantities of pure cond@nsare
produced as a byproduct of both OTEC systems iedr. John
Craven and other DOW researches to invent a nevitirexc
patented technology, christened the "Hurricane T8{e which

also uses temperature differences to produce panelensate
(Craven and Sullivan, 1998) . The Hurricane Tovgerimicro-
climate structure in which nature's hurricanes sireulated to
generate rain.

The Hurricane Tower model was carefully designed &tted with the components and
ingredients necessary to simulate a real hurricev@&m surface seawater, which has been
further heated in a solar pond covered with plassiecntroduced into the bottom of a 20-foot
high tower to simulate the surface of the sea.ghAtlweight rotor driven by a motor installed
in the tower floor simulates the huricane vortexspynning with a peripheral velocity of 100
mph. A heat exchanger made of tubing spiraled atdle inside top of the tower and supplied
with cold seawater simulates the lenticular cloticte of the tropopause (the upper limit of the
troposphere). It has been determined that a todéni® size will be able to produce 10,000
gallons of pure fresh water per day.
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Another method for producing desalinated watehes ¢ollection of fresh water condensate.

CHC has shown that, as deep ocean water is passrajh a heat exchanger, the amount of

pure water condensate produced from the humid gheoe is equal to 5% of the total

quantity of cold water flowing through the systeim.other words, if the relative humidity is

over 80%, up to 5 liters of pure potable water barmproduced for every 1,000 liters of deep

seawater flowing through heat exchangers in theogpimere. This is equivalent to
approximately 4 inches of rain per day or 1,20thex per
year. Water can be captured at an elevation ofe2b lby
utilizing a siphon which transports cold up whetecan
produce condensate. So far, the collection of cosate from
an inexpensive heat exchanger with DOW in this reans
the most cost-effective method for producing frestter. For
example, freshwater condensation can drip from héat
exchanging coiled tubing supplied with DOW intgtarage
tank in the CHC's "Rasmussen Rainmaker". At a flate of
1.5 gallons per minute of DOW, this system produites
the atmospheric moisture 11.5 gallons of fresh wage day
or some 4,200 gallons per year. The water is singly
cold, and the system requires no moving parts drtiadal
energy to operate.

Cold Utilization Subsystem - ColdAg" Technology

Of all the applications of DOW technologies to ddtee unique CHC invention, cold water
agriculture or ColdAg, is proving to be the mosmeekable. The name "Blue-Green
Revolution” was chosen to designate this new fofnagriculture in order to express the
possibility of a blue ocean creating life and gesgnn a coastal desert.

By utilizing only the cold from deep ocean wateryear-round-spring-like microclimate for
plant roots under tropical desert conditions isat#d which produces ideal conditions for
growth of tropical, subtropical and temperate crdpasically, DOW pumped to the surface is
directed into plastic pipes embedded in the sadl particular plant root depth for the purpose
of cooling the ground, thereby creating a spritkg-imicroclimate that extends from below the
plant roots to the soil surface. Since the soifeg@ is below the dew point, which is in the 60
to 70°F range in tropical coastal regions, moisiaréhe warm tropical air is drawn down to
the cool soil causing freshwater condensate to fanth be carried onto the cold pipes and
plant roots by gravity. The soil is therefore ldygself-irrigating. Plants are able to capture
thermal energy created by the temperature differdretween the roots and the foliage. This
added energy potential enables the plants to gtcam ancredible rate seen elsewhere only in
springtime - 365 days a year in a coastal desert.
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*In July in a tropical coastal desert

CHC has grown more than one hundred varietiesuitsfrvegetables and herbs, all showing
surprisingly high sugar and aromatic content, v@bldAg. The salt water is confined to the
pipes and does not touch the plants or the groGottlAg has been developed using organic
gardening techniques and has enormous potentidefegloping countries with tropical coastal
deserts adjacent to deep ocean.

This revolutionary new form of agriculture alsooals gardener researchers to exploit and
manipulate the biophysical applications of colddoce and break dormancy in seasonal and
perennial plants.by turning off the cold water frperiod and then restoring it, thereby
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simulating the effect of a temporary climate changéth the restoration of the cool root

environment, dormancy is broken and the plant exents production cycle. This allows for

the possibility of three or four annual harvestlegan one year. The most convincing example
of manipulating dormancy is with wine grapes. Satig grape vines to a short period of
drought at local tropical desert temperatures lbgitg off the cold water and then restoring
the water to break dormancy has resulted in a Heabde crop of the very best temperate
grapes per vine every 110 days or a total of threps a year.

One positive feature of ColdAg is that it requires drainage; there is a complete absence of
wastewater that threatens the environment by dartinig run-off pesticides, herbicides and
fertilizers as often occurs with traditional irrtgan methods.

A particularly interesting spin-off has been theelepment of CHCEcoturf ™ Technology.

This will grow and maintain high quality turf coshg of grasses from virtually any climatic
zone under tropical desert conditions. As with othe
plants, these world-class turfs use ColdAY
technology that produces fresh water condensate
from deep ocean water, reducing watering by at
least 80% compared to traditional irrigation
methods. They consist of longer, deeper grass roots
that make better playing surfaces; they are able to
withstand impact and then come back for more by
repairing themselves quickly. This technology
makes possible the development of high quality
low-cost landscaping and creates safer playing

surfaces for sports, e.g., soccer, baseball, fptlaavn tennis, golf and lawn bowling, in

tropical coastal desert locations.

Nutrient Utilization Subsystem — Marine Aquaculture
In nature, an upwelling, usually caused by the wthdt transports pure, nutrient-rich DOW to

the surface occurs regularly in the world’s oceamsl seas. Although DOW upwelling
constitutes only 0.5% of all seawater, it supporsarly 50% of the ocean’s food web, from



phytoplankton and microscopic zooplankton to fiffOW aquaculture imitates in warm
coastal desert regions the upwelling phenomenateatural world by using the still-cold
(about 1%2C) seawater after it has run through other DOW ysteas. This seawater, which
has elevated levels of inorganic nitrates, phogshahd silicates, can be used in its ‘pathogen-
free’ state or combined with surface seawater maaglture farms to produce environments
acceptable to many temperate and tropical spediesanine life. Its high nutrient levels
produce more rapid growth and higher protein caniemmicroalgae and macroalgae. It also
allows the growth of temperate shellfish (e.g., Malobster) and fin fish (e.g., flounder and
salmon).

The SANSAQUA Project

One of the author’s ancestors left Europe for #t@nld of Hispaniola in the mid 18th century.
According to Victor Perera (1995), this ancestofobged to a group of Pere(i)ras who
“envisioned themselves as architects of a grandjads move mountains, tame the seas and
make the world habitable for rich and poor aliki’ls in this tradition that the author founded
Energies Naturelles (Energinat S.A.), a Haitian pooation dedicated to the optimal
management of natural energy resources for thefibavfethe people of Haiti. Energies
Naturelles has negotiated a joint venture agreemghtCHC for the purpose of establishing a
DOW system in five geographic sites identified gdine coast of the country, each of which is
a promising location for a deep seawater developrpesject. These sites are : Mole St.
Nicolas (Mole’s Cape), St. Marc’'s Bay (St. Marc’sifit), Gonave Island (West Point), the
northern coast of the Southern Peninsula (neamieyeand a coastal zone east of the city of
Jacmel. Since these sites are removed from eaeh, aktey will be connected to the ports of
the country by sea transportation comprising a tédigh speed ferryboats for passengers and
merchandise. They will also be linked to all cohsities, towns and villages and to the
transatlantic cables by a submarine necklace ef fiptics for telephone communications, the
transfer of data and the Internet. Because the Dxp$tem does not require fresh water from
municipal systems, this sustainable socio-econataielopment project has been named the
“SANSAQUAProject”, a designation suggested by Admiral Rapéh, Chief of United States
Naval Research.
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Each DOW site will have its symbolic fountain (slanito the one at the NELHA) where

visitors can feel for themselves the marked difieee between the warm tropical surface
seawater and the cold arctic or antarctic deep ateawr his will serve to remind them that it is
the temperature difference between these watetsetwween the cold DOW and the warm
humid tropical air that makes it possible for e®BW system to provide: (1) fresh water for
drinking, household and industrial use; (2) air diboning and industrial cooling; (3) an

abundance of temperate and tropical fruits, vedesatnd herbs for food and for market; (4)
Ecoturf to lay out high quality sports fields anecreational areas; (5) a nutrient-rich and
pathogen-free medium for aquaculture; and (6) & near future electricity. Because of all
these quality of life benefits, which are gifts thie sea to humanity, it would be fitting to

christen the fountains in the five DOW sites “ThauRtains of Paradise”. The latter differ from
those described by Arthur C. Clarke (1979) in mdus science fiction book of the same
name. Unlike Clarke’s fountains, which are colunmfidresh water that spring from buried

pipes and leap toward the sky before falling on gheund, the seawater of the DOW site
fountains is confined to pipes and does not tohehground, but can make fresh water rain in
an OTEC plant, a Hurricane Tower or a Rasmussemier.



Two main types of DOW systems can be designedrice seany purposes. Type 1 is a CHC
basic DOW system for a self-sufficient tropical st@h desert community, which is
economically, culturally and environmentally sus&dile (Craven, J.P., 1995). It consists of:
- Two 24-inch polyethylene intake pipelines

A pumping station (reservoirs and pumps)

An administration building

Fresh water production (Hurricane Towers)

Air conditioning (A/C) for dwellings, offices andmmunity buildings

Cooling facilities for agriculture and aquacultpr@duce and fish catch

100 acres for cold water agriculture (farms, ordeand vineyard)

16 acres for marine aquaculture

Reservation of space for a 1MW closed-cycle hylmgdle OTEC plant and a TEG
system

1€



A Type 2 system focuses on providing high markétie/aecreational experiences, e.g., hotels,
resorts and sports facilities in tropical coastasett locations. It may or may not include an
adjacent village community with a DOW agricultumgsaculture park for resort and market
needs. It may be possible to combine a Type 2 systégh a Type 1 facility to provide the

fresh vegetables, fruits and fish products neededhe resort, local use and market, but also

resort air conditioning and high quality landscapiand sports fields for soccer, tennis,
bowling or golf courses with CHC DOW Ecoturf.
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Another benefit that ecotourists can derive from tcombined system is cold thalassotherapy.
It has long been known that seawater is effectmeatopic dermatitis. However, because
surface seawater contains many bacteria and viruseis not recommended for daily
application. Alternatively, pathogen-free DOW wasted for daily use with promising results
(Nomura, 1995). Furthermore, in Finland, Russia @adada, the so-called “polar bears” take
to “Ice Swimming” in the ocean in the depths of t@mbecause of its purported beneficial
properties, such as increasing blood circulatioealing sports injuries and stimulating
endorphin secretion. These polar bears will be abkenjoy the same benefits, all year-round,
in pools of pumped up cold, pure DOW in a tropmadstal desert.

Gonave Island: A Gem-to-be on the Necklace

The SANSAQUA Project can be conceived as a necktddéer optics linking five DOW
sites to all coastal cities, towns and villages amthe world via the transatlantic cables, with
movement of people and merchandise being facititatea fleet of high speed ferryboats. One
of these sites on the necklace is Gonave Islamdra@f-fringed, largest offshore island of the
country. The island, which lies off the Bay of RPau-Prince, is 60 km long and 15 km wide
and covers 800 kmn
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Because its coastline is studded with land poithis, Taino Indians (who took refuge in the
island during the massacre of the court of queeacAana) thought the island resembled the
tropical fruit anonaddgorossolin French) and named@uanabo For others, the rugged island,
which is made up of mostly limestone and is baaed dry with a scarce human population,
looks like a big sleeping whale that is nowadaya tomatose state, since it is living a severe
drought and its few remaining trees are beingdetiteproduce charcoal.

The accompanying bathymetric map of the island sholearly that it is surrounded by deep
ocean water. Indeed, the distance of the islandtdoathe 1000-meter isobath line is about 5
km and the distance to the 700-meter depth is a@nbut 3 km at West Point, which makes it a
promising location for a DOW development project.

A combined Type 1 and Type 2 DOW system is verglliko be the first facility installed in
Haiti on Gonave Island. Indeed, the consortium fatnby Energies Naturelles and CHC has
been approached by the Haitian corporation Gon@@@ &.A. founded by a group of Haitian
business leaders and professionals who have a esgstrience in hotel and property
development and are developing plans to build ar66éh hotel complex and golf club along a
1.7-km gorgeous white sand beach in the proximitthe DOW site to be established in the
West Point area of Gonave Island. This developrpasject will also include the construction
of low-income housing and luxurious residencesinéernational airport and a hospital These
developers are interested in having the DOW syspeavide most of the infrastructures
(electricity, fresh water, air conditioning) needed the project and furnish the beach resort
with not only fresh vegetables, fruits and fishdurots, but also high quality landscaping and
sports fields for soccer, tennis, bowling or gaffucses utilizing DOW Ecoturf. The DOW
system can also provide cold water agriculture ¢&g) seedlings for reforestation.

The integration of the DOW system into the develeptmproject of Gonave 2000 plus the
combination of nearby ocean, abundant sunshindgureuland history, together with mild
climate will make this location a very attractiveoeurist destination. Furthermore, the
establishment of such integrated development piojecthe West Point area, i.e. in the head
of the sleeping whale, will become the lifebloodttiban flow rapidly through the body of the
whale, causing the revitalization of the whole nsla(which is about half the size of the
Hawaiian island of Oahu) and making it the Oahuhaf Caribbean, thereby a gem on the
necklace. This would require that a public-privatetnership agreement be reached between
the Haitian government, the private sector (inipaldar Gonave 2000 S.A), and the consortium
that Energies Naturelles (of which the authorhie President and CEO) has formed with
Common Heritage Corporation and its associated eomp.

CONCLUSION

In 1962 the former Indian Prime Minister, Jawahaxahru, went as far as stating in a speech
to the Ceylon (now Sri Lanka) Association for thevAncement of Science: “Politics and
religion are obsolete; the time has come for s@esnud spirituality”. For Haiti, however, the
time has come for a happy marriage not only ofyr@hi and spirituality, but also of politics
and science, in particular marine science and tdolgy. During the first years of the 21



century, which has been called the “ocean centyndwing numbers of Haitians are heading
for the beach not to board rickety boats with theéerof reaching, at great risk to their lives,
the shores of Florida in search of life, libertygahe pursuit of happiness. They are heading for
the beach to await the arrival of the North Padificatross which will take off from the Big
Island of Hawaii, fly between the Tropic of Canead a latitude of 1%north and follow, like
Baudelaire’s albatross, the fishing boats in theiffaOcean before traversing Mexico and the
eastern corner of Cuba to land in Haiti, transpgron its large wings the CHC DOW systems.

These Haitians have come to realize that life ofepty and even misery will be their fate
unless they use their DOW resource — the natiowstaluable natural energy resource. They
know that, in the economically and environmentallgtainable, self-sufficient habitats that the
DOW systems can create, they will be able to maggeaal living, speak their minds freely and
pursue happiness which, echoing Honoré de Balzst,la fin que doivent se proposer toutes
les sociétés” (“is the goal that must set themseatesocieties”). Indeed, these DOW systems
can transform many of the coastal deserts of Htatibi oases of prosperity and plenty and, to
paraphrase Arthur C. Clarke, create Paradise atongh of the country’s coastline, so that
there will only remain to build Heaven on the sumatiits mountains.
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