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Presentation Qutline

* Thermodynamic principle

* Three-phase development of the ocean-thermal

technology
* Energy-water nexus
e Ammonia as fertilizer and energy carrier

* Plantships for co-production of ammonia and

desalinated water

* Six-point visionary approach of the OTEC technology
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Primary Energy Sources

Building Infrastructure for Sustainable Energy Supply Using the
Current Energy Supply

Peak Oil - The Growing Gap
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hermodynamic Principle
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Three-Phase Developments of OTEC Technology
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Major Technical Issues Resolved

Net power generation — proved by Mini OTEC
Biofouling issue resolved with long term R &D
Aluminum is qualified for heat exchangers

Developed new concepts of modular heat exchangers

Deploying experiences of polyethylene cold-water pi pes for land-based
plants

OTEC-1 experiences of deploying vertical pipe and a  t-sea testing of large
components

Testing and design of FRP pipes to support upto 100 MWe ocean-thermal
plants

Design concepts of small and large plants to demons trate the technical and

economic viability

Platships for delivering energy products to the cont inent USA and rest of the
world with high energy demands



Modular Heat Exchangers

Initial focus on large shell and tube heat exchange  rs; however, modular

heat exchangers ideally suited for OTEC plants

Leading candidates: Brazed aluminum and stainless s teel plate heat

exchangers



Power Modules



Seawater Systems
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Seawater Systems
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Integrated Hybrid Cycle Power Module
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Strategic Approach to Minimize Technical Risks
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Energy -Water Nexus

Energy production and
generation require water
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Energy -Water Nexus

Energy Technology

Average Water Consumption

Petroleum Refining

100 gallons/barrel crude oll

Power generation

20 gallons/kWh

Nuclear hydrogen

35 gallons/kg of H2 (I kg H2 Is
equivalent to one gallon of
gasoline)

Ethanol (not including
Irrigation)

3 gallons/gallon of ethanol

14



Ammonia a Large Commodity Chemical
Consumes Large Quantity of Natural Gas

World ammonia production ~ 140 million metric ton / yr
NG consumption ~ 4,620 billion cubic feet (bcf) /yr at 33,000 scf /IMT
US ammonia consumption ~ 16 million metric ton /yr (~ 50%
imported)
NG consumption of 496 bcf /yr; (LNG imports of 652 b cf in 2004;
projected 1080 bcf in 2010)
NG-based cost of ammonia:

e Capital - $1.6 billion for a typical 4,000 MTD

e $109 /MT Capital @ 10% IRR + $174 /IMT @NG cost $5.6 /kcf
(Henry Hub Aug07) = $283 /MT + O&M costs
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Cost of Ammonia Linked to Rising Cost of
Natural Gas
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Ammonia Fuel Cell As Potential for Distributed Powe r
Generation to Displace Natural gas
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Ocean Thermal Plantships
Co-Production of Ammonia and Desalinated Water

Plantships equipped with hybrid-cycle power system t 0 produce
desalinated water and new solid-state ammonia synth esis process
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Ocean Thermal Plantships

Global Impact of Ocean Thermal Plantships
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Six-Point Visionary Goals of Ocean Thermal Energy

1. Global displacement of petroleum-based fuels (die  sel, fuel oll,
naphtha) for power generation;

2.  At-sea production of desalinated water for region s of critical
water shortages;

3. Displacement of carbon-based for production of am monia-
based fertilizer;

4.  Hydrogen supply to allow economic processing of h eavy
crude oils and upgrading oil sands;

5.  Ammonia fuel-cell distributed energy to displace natural-gas
fueled power generation and mitigate issues associa  ted with
iImported LNG; and

6. Micro-algae production using deep-ocean cold nutr lent
seawater.



