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Presentation OutlinePresentation Outline
• Introduction

� The OTEC Concept

� Thermodynamics

� Systems (Cycles)

• OTEC System Critical Components

• Development of the Ocean- Thermal Technology

� Major Technical Issues Resolved 

� Strategic Approach for Risk Minimization

• Other Applications & Developments

� Energy-Water Nexus 

� Ammonia as Fertilizer and Energy Carrier

� Plantships for co-production of ammonia and desalin ated water

• Wrap- up

� Six-point Visionary Approach for Ocean-Thermal Tech nology
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The OTEC ConceptThe OTEC Concept

• The utilization of the differences in temperature ( delta T), 

between the warm tropical surface water (~ 25 °°°°°°°°C), and the cold C), and the cold 

deep ocean water (deep ocean water ( ~ 5 °°°°°°°°C), available at depths of about 1,000 m, C), available at depths of about 1,000 m, 

as the source of the thermal energy required to vap orize and as the source of the thermal energy required to vap orize and 

condense the working fluid of a turbinecondense the working fluid of a turbine --generator system to generator system to 

produce electricityproduce electricity

•• Rather than using heat energy from the burning of f uel, OTEC Rather than using heat energy from the burning of f uel, OTEC 

power draws on this temperature difference caused b y the power draws on this temperature difference caused b y the 

sun's warming of the ocean surfacesun's warming of the ocean surface



OTEC Thermodynamic: BasicsOTEC Thermodynamic: Basics

•• Heat engine: convert thermal energy to work Heat engine: convert thermal energy to work 

energyenergy

�� Heat is Heat is transferredtransferred from the source, through from the source, through 

the working body (fluid) of the engine, to the the working body (fluid) of the engine, to the 

sinksink

�� Thermal energy: temperature gradientThermal energy: temperature gradient

�� Work energy: electric powerWork energy: electric power

�� Thermodynamic cycle: Rankine (lowThermodynamic cycle: Rankine (low -- pressure)pressure)

�� Principle is used in steam turbines & internal Principle is used in steam turbines & internal 

combustion engines)combustion engines)



OTEC Systems: OTEC Systems: Open CycleOpen Cycle

• Uses the tropical oceans' warm surface 

water to make electricity

� Surface seawater is flashed-evaporated 

in a vacuum chamber

� The expanding steam drives a low-

pressure turbine attached to an 

electrical generator

� The steam (pure fresh water) is 

condensed by exposure to cold 

temperatures from deep-ocean water

� Produces desalinized fresh water (for 

drinking water or irrigation)



OTEC Systems: OTEC Systems: Closed CycleClosed Cycle

• A working fluid with a low boiling point (ex. 

Ammonia), rotates the turbine to generate 

electricity

� Warm surface seawater is pumped 

through a heat exchanger where the 

working fluid is vaporized

� The expanding vapor turns the turbo-

generator

� Cold deep seawater is pumped through a 

second heat exchanger and condenses 

which is then recycled through the 

system



OTEC Systems: OTEC Systems: Hybrid CycleHybrid Cycle

• Combines the features of both the 

closed-cycle and open-cycle systems

� Warm seawater enters a vacuum 

chamber where it is flash- evaporated 

into steam ( (similar to the open- cycle)

� The steam vaporizes the working fluid 

(ex. Ammonia) of a closed- cycle loop on 

the other side of a working fluid 

vaporizer

� The vaporized fluid then drives a turbine 

to produce electricity

� The steam condenses within the heat 

exchanger and provides desalinated 

water



Working Fluid Working Fluid (for Closed & Hybrid Cycles)(for Closed & Hybrid Cycles)

• Ammonia (NH3)

� Superior transport properties, easy availability, a nd low cost

� Toxic and flammable

• Fluorinated carbons (CFCs & HCFCs)

� Contributes to ozone layer depletion

• Hydrocarbons (Propane)

� Highly flammable

Recommended working fluid (based on R&D studies): A mmonia
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Thermodynamic Efficiency Thermodynamic Efficiency 

� ���������	
�����	������������������������ !�����""�# $����������	%� "�#$��	����

� &�	��������������������������������������'"���� "!����� �����	%��
()���������)������)���

� *����+����������������������������	
�����������,��!� -�������	�.)�	�������	���������
������
�����������������������()������)����������+��� ���/��
������

9

Temperature 24 to 30 C

Temperature about 4C

Warm water 
pump

Cold water 
pump

 Evaporators

 Condensers

Surface warm 
water

Mean Sea Level
Vapor/Liquid 
Separator

Cold water 
discharge 

Warm water 
discharge

Deep ocean 
cold water

Pumps, Ship Propulsion

Pumps, Ship Propulsion

Ammonia Plant

Ammonia Plant

4 C

24 to 28 CTemperature 24 to 30 C

Temperature about 4C

Warm water 
pump

Cold water 
pump

 Evaporators

 Condensers

Surface warm 
water

Mean Sea Level
Vapor/Liquid 
Separator

Cold water 
discharge 

Warm water 
discharge

Deep ocean 
cold water

Pumps, Ship Propulsion

Pumps, Ship Propulsion

Ammonia Plant

Ammonia Plant

4 C

24 to 28 C



Offshore Infrastructure Associates, Inc.

OTEC System Critical ComponentsOTEC System Critical Components

• Heat Exchangers

• Power Module (Exchangers and Pumps)

• Seawater Systems

� Land Based Plants

� Floating Vessels or Plantships

� Cold Water Pipe

� Submarine Power Cable

� Land Infrastructure (Station)
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Modular Heat ExchangersModular Heat Exchangers

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

heat exchangers ideally suited for ocean-thermal pl ants
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Modular Heat ExchangersModular Heat Exchangers

� Leading candidates:  Brazed aluminum and stainless steel plate heat 

exchangers
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Power ModulesPower Modules

0���	���+�����	�
�+)����	�
��
���	�������������	
� ��������

13

Closed Cycle Hybrid Cycle



Power Module Process Flow Diagram (15 MWg)Power Module Process Flow Diagram (15 MWg)
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Seawater SystemsSeawater Systems
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Seawater SystemsSeawater Systems
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Seawater SystemsSeawater Systems
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Seawater SystemsSeawater Systems
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Fuel & Water Costs Required for Fuel & Water Costs Required for 
Competitiveness (1990)Competitiveness (1990)
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Nominal Size, 
MW

TYPE Scenario 
(by ~~~~ 10th Plant)

Potential Sites

1 Land-Based OC-OTEC with 
2nd Stage for Additional 
Water Production.

Diesel: $45/barrel
Water: $1.6/m3

Present Situation in Some 
Small Island States.

10 Same as Above. Fuel Oil: $30/barrel
Water: 
$0.9/ m3

U.S. Pacific Insular Areas 
and other Island Nations.

50 Land-Based Hybrid
CC-OTEC with 2nd Stage

$50/barrel
$0.4/ m3

(or $30/barrel
$0.8/ m3)

Hawaii, Puerto Rico
If fuel or water cost doubles.

50 Land-Based CC-OTEC
$40/barrel

Same as Above.

100 CC-OTEC Plantship
$20/barrel

Numerous sites
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Ocean Thermal PlantshipsOcean Thermal Plantships

Global Impact of Ocean Thermal Plantships – Four Str ategic Regions
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Puerto Rico: Ideal Location for OTECPuerto Rico: Ideal Location for OTEC
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ThreeThree --Phase Developments of OTEC TechnologyPhase Developments of OTEC Technology
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Mini-OTEC - 1979

OTEC-1 - 1981

Plantships - 2015
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Major Technical Issues ResolvedMajor 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 suspended pipe and at-sea testing 

of large components

� Testing and design of FRP pipes to support up to 10 0 MWe ocean-thermal 

plants

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

economic viability

� Plantships for delivering energy products to the co ntinent USA and rest of 

the world
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Strategic Approach to Minimize Technical RisksStrategic Approach to Minimize Technical Risks

Overcoming the Barrier of No Pilot Plant or Commerc ial Units
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EnergyEnergy --Water NexusWater Nexus
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EnergyEnergy --Water NexusWater Nexus
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3 gallons/gallon of ethanolEthanol (not including 
irrigation)

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

Nuclear hydrogen

20 gallons/kWhPower generation

100  gallons/barrel crude oilPetroleum Refining

Average Water ConsumptionEnergy Technology
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Ocean Thermal PlantshipsOcean Thermal Plantships
CoCo--Production of Ammonia and Desalinated WaterProduction of Ammonia and Desalinated Water
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Desalinated 
water*

Ammonia (as an 
energy carrier for 

H2 production and 
other applications)
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*100 MW plant can produce 16 MM gallons 
per day enough for 100,000 residents
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Deep Ocean Water Applications (DOW)Deep Ocean Water Applications (DOW)
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SixSix --Point Visionary Goals of Ocean Thermal EnergyPoint Visionary Goals of Ocean Thermal Energy

1. Global displacement of petroleum-based fuels (die sel and fuel 
oil) 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 
for power generation and mitigate issues associated  with 
imported LNG; and

6. Micro-algae production using nutrient-rich deep-o cean cold 
water and at-sea production of liquid fuels from mi cro-algae. 
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