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RPSEA Deep Sea Hybrid Power Systems

OCEAN POWER SYSTEMS

OBJECTIVE: Provide Systems Command 

sponsors technical support in the development, 

test and evaluation, and operation of deep 

submergence battery systems.

OPERATIONAL SUPPORT

DEVELOPMENTAL SUPPORT
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Scope of Work

ωDocument the performance and functional requirements expected for subsea 
hybrid power systems. (Basis of Design Document)

ωUsing the existing knowledge base of high-performance energy conversion and 
storage systems, appropriate for underwater applications, and as the basis for 
several conceptual designs, systematically screen and develop a data base for the 
best hybrid power system. This data base will be archived in technical reports for 
use by the oil and gas industry. The selection will be performance-based, and done 
in a way to screen out any potential biases towards a particular technology. 

ωSelect the two most promising generation-storage combination(s), and prepare 
detailed sub-scale conceptual prototype design(s), and perform initial qualification 
testing for the purpose of concept demonstration. 

ωPerform a formal Risk Assessmentof the two conceptual prototype system(s) and 
document their respective Technology Readiness Levels (TRLs). Further, estimate 
the environmental impact (carbon footprint) of such systems were they deployed 
and then compared to conventional gas turbine power generation. 

ωDocument all technical reports as defined in the Deliverables. 
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Main Deliverables

Functional Requirements and Basis of Design

Final Report
ωConceptual designs of alternative deep-ocean hybrid power systems, with 

generation and storage capability, with hypothetical requirements of 20,000 -
100,000 hp (14 to 70 megawatt) 

ωTechnical evaluation and ranking of conceptual designs, with selection of the 
best combination of conversion and storage technologies for further 
development.

ωPreliminary Risk Assessment of the selected conceptual hybrid power system. 

ωComparison of the carbon emissions that each alternative power system would 
provide if deployed. 

ωRecommended plan for further development, qualification and 
commercialization of the hybrid power system.
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Energy Conversion Technologies
Considered

ωOcean-current driven systems; 

ωRadioisotope thermoelectric generators; 

ωThermionic generators; 

ωSmall pressurized-water reactors with low-enrichment fuel, similar to 
those used on the NS Savannah and NS Otto Hahn commercial ships; 

ωProton-exchange membrane fuel cells powered with hydrogen and 
oxygen, similar to that used on the HDW Class 212A submarine; 

ωFuel-cells capable of using natural gas from deep-ocean wells; 

ωInternal combustion engines powered with natural gas from deep-
ocean wells; 

ωTurbines powered with natural gas from deep-ocean wells; and 

ωOther energy conversion methods which may be viable for this range of 
applications.
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Energy Storage Technologies
Considered

ωCompressed-gas storage; 

ωLiquid red-ox batteries; 

ωSecondary batteries in sealed pressure vessels; 

ωPressure-tolerant secondary batteries; and 

ωOther Non-conventional battery systems, for example, oil-
compensated polymer-gel lithium-ion batteries; 
polyurethane potted polymer-gel lithium-ion batteries; 
lithium-ion batteries; and lead acid batteries.
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Water Depth:  8,500 fsw to 12,000 fsw
ωPressure: 3,778 psig to 5,333 psig
ωTemperature:   39.4F
ωShock Loads

» Small equipment:  3g
» Large equipment:  5g

Focus on three (3)  ranges of power requirements:
» Mid:    1 to 10 MW (AC)
» Large: 10 to 30 MW (AC)
» Mega: 30 to 200 MW (AC)

FUNCTIONAL REQUIREMENTS/BASIS OF DESIGN DOCUMENT 
18 DEC 2008, REV 3.
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1. PWR = Pressurized-Water Nuclear Reactor + Lead-Acid Battery 
2. FC1 = Line for Surface O2 + Well Head Gas + Reformer + PEMFC + Lead-Acid & 

Li-Ion Batteries 
3. FC2 = Stored O2 + Well Head Gas + Reformer + Fuel Cell + Lead-Acid & Li-Ion 

Batteries 
4. SV1 = Submersible Vehicle + Stored O2 + Fuel Cell + Lead-Acid & Li-Ion Batteries 
5. SV2 = Submersible Vehicle + Stored O2 + Engine or Turbine + Lead-Acid & 

Li-Ion Batteries 
6. SV3 = Submersible Vehicle + Charge at Docking Station + ZEBRA & 

Li-Ion Batteries 
7. PWR TEG = PWR + Thermoelectric Generator + Lead-Acid Battery 
8. WELL TEG = Thermoelectric Generator + Well Head Waste Heat + 

Lead-Acid Battery 
9. GRID = Ocean Floor Electrical Grid + Lead-Acid Battery 
10. DOC = Deep Ocean Current + Lead-Acid Battery 

Hybrid Systems Considered
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Typical Deep Ocean Current Speeds
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