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    Abstract

        
            Ocean Thermal Energy Conversion can exploit natural temperature gradients in the oceans to generate usable forms of energy (for example, cost-competitive baseload electricity in tropical regions such as Hawaii) free from fossil fuel consumption and global warming emissions.The No.1 acknowledged challenge of constructing an OTEC plant is the Cold Water Pipe (CWP), which draws cold water from 1000m depths up to the surface, to serve as the coolant for the OTEC Rankine cycle. For a commercial-scale plant, the CWP is on the order of 10m in diameter.This report describes work done by LMSSC developing the CWP for LM MS2 New Ventures emerging OTEC business. The work started in early 2008 deciding on the minimum-cost CWP architecture, materials, and fabrication process. In order to eliminate what in previous OTEC work had been a very large assembly/deployment risk, we took the innovative approach of building an integral CWP directly from theOTEC platform and down into the water. During the latter half of 2008, we proceeded to a successful small-scale Proof-of-Principles validation of the new fabrication process, at the Engineering Development Lab in Sunnyvale. During 2009-10, under the Cooperative Agreement with the US Dept. of Energy, we have now successfully validated key elementsmore » of the process and apparatus at a 4m diameter scale suitable for a future OTEC Pilot Plant. The validations include: (1) Assembly of sandwich core rings from pre-pultruded hollow 'planks,' holding final dimensions accurately; (2) Machine-based dispensing of overlapping strips of thick fiberglass fabric to form the lengthwise-continuous face sheets, holding accurate overlap dimensions; (3) Initial testing of the fabric architecture, showing that the overlap splices develop adequate mechanical strength (work done under a parallel US Naval Facilities Command program); and (4) Successful resin infusion/cure of 4m diameter workpieces, obtaining full wet-out and a non-discernable knitline between successive stepwise infusions.« less
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                    OTEC Cold Water Pipe-Platform Subsystem Dynamic Interaction Validation

                    
                        Technical Report
                            Varley, Robert; Halkyard, John; Johnson, Peter; ... 
                            

                    A commercial floating 100-megawatt (MW) ocean thermal energy conversion (OTEC) power plant will require a cold water pipe (CWP) with a diameter of 10-meter (m) and length of up to 1,000 m. The mass of the cold water pipe, including entrained water, can exceed the mass of the platform supporting it. The offshore industry uses software-modeling tools to develop platform and riser (pipe) designs to survive the offshore environment. These tools are typically validated by scale model tests in facilities able to replicate real at-sea meteorological and ocean (metocean) conditions to provide the understanding and confidence to proceed to finalmore » design and full-scale fabrication. However, today’s offshore platforms (similar to and usually larger than those needed for OTEC applications) incorporate risers (or pipes) with diameters well under one meter. Secondly, the preferred construction method for large diameter OTEC CWPs is the use of composite materials, primarily a form of fiber-reinforced plastic (FRP). The use of these material results in relatively low pipe stiffness and large strains compared to steel construction. These factors suggest the need for further validation of offshore industry software tools. The purpose of this project was to validate the ability to model numerically the dynamic interaction between a large cold water-filled fiberglass pipe and a floating OTEC platform excited by metocean weather conditions using measurements from a scale model tested in an ocean basin test facility.« less
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                    Methods for and examples of dynamic load and stress analysis of OTEC (Ocean Thermal Energy Conversion) cold water pipe designs. Volume 1

                    
                        Technical Report
                            Barr, R; Chang, P; Thasanatorn, C
                            

                    The design of Ocean Thermal Energy Conversion (OTEC) plant cold water pipes (CWPs) which are structurally adequate and have acceptable weight and cost is a difficult problem. This study and a parallel study by Science Applications Incorporated (SAI) have been carried to provide information and computer programs to be furnished by the government to the two current CWP preliminary design contractors. This work concerns application of existing methods and development of new methods for analysis of the dynamic, linear response and stressing of an OTEC plant CWP subject to various environmental and operational loads. Included are: CWP structural analysis methods;more » analysis of CWP static and dynamic loads and responses; analysis of coupled CWP/platform responses; description of computer programs; illustrative examples; validation; and computer program user's manuals.« less

                        
                            
                            
                    

                    

                

            
        		
    
                                        
                                    
                                        	
            



                    At-sea test system point design for a one-third scale cold water pipe

                    
                        Technical Report
                            Sutherland, W
                            

                    One step in the development of the technology for Ocean Thermal Energy Conversion (OTEC) Cold Water Pipes (CWP) is the at-sea testing of a fiberglass reinforced plastic nominal 10-foot diameter pipe. A design procedure and criteria for developing test hardware by scaling down a 30-foot diameter OTEC 10/40 MW Pilot Plant CWP design are presented. An example point design for the pipe, instrumentation to be used during the at-sea tests, and methods for selecting the support platform and mooring are described. The design considered starts with a scale model of a larger prototype, and then is modified to address themore » problems of fabrication and of survivability and handling during the 1/3rd scale model tests.« less
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                    Floating ocean thermal power plants and potential products

                    
                        Conference
                            Dugger, G; Olsen, H; Shippen, W; ...  - J. Hydronaut.; (United States)
                            

                    An overview is presented of ocean thermal energy conversion (OTEC). Claude's basic open-cycle scheme for OTEC is contrasted with the closed Rankine cycle. Oceans are discussed in relation to natural solar energy collection and thermal storage. A conceptual design is presented for ocean thermal energy conversion. Turbine technology for OTEC applications is discussed. Fabrication and development of the cold-water pipe (CWP) for an OTEC plant will be a challenging engineering/logistics problem. For 100 MWe net power output, a CWP of 12-18 m diameter will be needed to pump approximately 8 million gpm of sea water through the condensers. Approximate costsmore » estimates for power production for OTEC plants are included. The production of ammonia is discussed as being important in the manufacture of fertilizers at a tropical OTEC plant. Other potential products are aluminum, magnesium, and liquid hydrogen fuel. Another possibility would be to ship coal or a carbonate to the platform and use the GH/sub 2/ produced there to make synthetic oil, methane, or methanol.« less

                        
                            
                            
                    

                    

                

            
        		
    
                                        
                                    
                                        	
            



                    At-sea test validation data needed to verify the NOAA/DOE CWP Analytic Code

                    
                        Technical Report
                            Major, R.
                            

                    Test data requirements are developed in this memorandum for the one-third scale Ocean Thermal Energy Conversion (OTEC) cold water pipe (CWP) at-sea tests. A major goal of the at-sea tests is to collect sufficient data so that the National Oceanic and Atmospheric Administration (NOAA)/Department of Energy (DOE) CWP Analytic Code can be validated. The code is examined to determine the individual responses requiring verification. The wave environment is then considered for prototype survival and the scaled test. The expected response of the OTEC CWP test article in the test environment is used to form a basis of the test plan.more » Requirements for the tests of standard configurations of the OTEC CWP test system are first planned followed by requirements for tests of alternate configurations and evolutions. The final product is a set of justified NOAA/CWP analytic code validation requirements.« less
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