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Abstract 


Recent developments in LNG vaporization systems have relied upon atmospheric heat exchange to capture heat for the vaporization process. While atmospheric heat exchange for cooling purposes is universally understood, so far there are not many published quantitative comparisons of the various available techniques and the equipment used for atmospheric heat exchange for large scale heating applications. The LNG industry is generally slow in accepting the new technologies due to the large investment cost and the risk involved. This paper examines many factors associated with the use of atmospheric vaporization systems, including capital and operating cost and risk. The basis for comparison in this paper is a 1.5 billion cubic feet per day (BCF/day) LNG vaporization terminal in the U.S Gulf Coast. Vaporization system options evaluated include; Submerged Combustion Vaporizer (SCV) only, two-loop system with direct contact heat exchangers, single loop system with indirect contact heat exchangers, and hybrid systems combining SCVs, Open Rack Vaporizers (ORVs) and direct contact heat exchangers. The paper also discusses the variations and weather patterns and how these affect plant design and heat exchanger operations, including sensitivity analysis for multiple site variables.


 


Basics of LNG Vaporization 


The increasing demand of LNG along with the ever-increasing cost of crude oil is making the investment in LNG chain very attractive. . However the cost of first liquefying the LNG and then vaporizing it is very high. Typically about 8 to 9 % of the plant input is used as fuel in LNG liquefaction and about 1.5% of plant throughput is used as fuel in LNG regasification. Moreover, the long-term viability of the LNG transportation chain is challenged by emerging GTL technologies and newer technologies like gas by wire, CNG transportation and others. The cost dependence of the various types of fuels is extremely complex and it is important to reduce the cost of vaporization. Process heating remains the single largest cost of the vaporization operation. The average 1.0 billion standard cubic feet per day (bscfd) LNG vaporization terminal requires approximately 5,500 billion btu per year of heat for LNG vaporization. At a cost of US$ 10.0 per MMbtu of natural gas, the energy cost is about US$ 55 million per year. Ideally, operators would like to use “free” sources of heat such as from seawater via open rack vaporizers (ORV) or from the waste heat generated by a co-located facility such as a power plant, refinery or petrochemical plant. In situations where seawater or waste heat cannot be used, the traditional alternative is the use of submerged combustion vaporizers (SCV) or Shell and tube vaporizers (STV) with an intermediate heating fluid. Utilization 









        
        

        

        

        

        

        

        

        

      

      
        
      
    
  
    
      
        
          

 

of ambient air will not only save expensive fuel and the operating cost but will help in reducing the emissions significantly. Current innovations are focused on developing systems that can capitalize on another source of “free” heat – specifically – energy from the ambient air. Two such terminals have been built on a large scale; one is in operation with a second scheduled for commissioning in 2008. At least one other atmospheric heating system is under construction. Each of these three terminals utilizes a different system approach, and additional innovations in vaporization system design will likely lead to future terminals having lower cost, more efficient configurations than these early installations. 


Design Basis for Analysis 


The vaporization of liquefied natural gas (LNG) from a liquid to vapor state involves latent and sensible heat transfer through a series of heat exchangers. For the purpose of this study, the inlet LNG is assumed to be saturated at a temperature of -256 degree F and a pressure 2.0 psig. The LNG is heated to a superheated condition of 40 degrees F at a pressure of 1250 psig. In all cases, this vaporization is performed in a continuous flow process, with an exit volumetric flow rate of 1.5 billion cubic feet (BCF) per day. For shell and tube vaporizers, an ethylene glycol solution is used as an intermediate fluid for this evaluation. 


Existing vaporization systems 


Several existing vaporization systems were modeled as well as theoretical systems utilizing standard components. As a basis for comparison, all costs and footprints were compared to a standard SCV installation. 


Comparative analysis 


The design optimization of an air based LNG vaporization facility requires consideration of a large number of variables and assumptions, making the possible optimized solutions almost limitless. The performance of air based technologies are sensitive to weather conditions like wind speed, wind direction, wet bulb temperature etc. There is clearly no “best” system for all locations, load profiles and economic conditions. For the purpose of this paper, we selected a location in the United States Gulf Coast based on average weather conditions. This study assumes no constraints that prohibit any particular system such as permitting restrictions, emissions restrictions or space limitations. Obviously, such constraints may favor use of one technology over the other We did not attempt to evaluate and compare these constrained scenarios. For each system, the following results were compared: footprint, total installed cost and annual operating cost. 
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