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The development of Dry, Low Emissions (DLE) combustion systems for use with natural gas fired gas

turbines brought a revolution to electric power production, providing an order of magnitude reduction in
pollutants such as carbon monoxide (CO), nitrogen oxides (NOx), unburned hydrocarbons (UHCs), and
combustion generated particulates, without the need for the substantial water addition. Unfortunately, DLE has
been limited to natural gas with tight fuel composition specifications and has not been achievable with liquid
fuels, requiring power producers with a need to run on both natural gas and liquid fuels to have a dual-fuel gas
turbine with two entirely different fuel delivery and combustion systems, depending on whether the gas turbine
is operating on natural gas or on fuel oil. Moreover, even small amounts of natural gas liquids or higher
hydrocarbons in the natural gas would cause autoignition and flashback that could rapidly destroy gas turbines,
until now. The recent development of a real-time liquid fuel processing system, converting a range of liquid
fuels into a substitute for natural gas — LPP Gas™, now allows Lean, Premixed, Pre-vaporized (LPP) combustion
of liquids fuels. This fuel processing system allows LPP combustion of a wide range of liquid fuels in DLE
natural gas combustion systems while providing nearly identical performance, emissions, and maintenance of
the gas turbine. The LPP technology has been successfully demonstrated in commercial gas turbine DLE
combustion systems and has achieved over 2,000 hours of clean power generation on a 30 kW Capstone C30
microturbine, testing for 15 different types of liquid fuels, including liquid propane, pentane, naphtha, and other
liquids, blended with methane to simulate the vaporization of Natural Gas Liquids.
Emissions for all cases have been comparable to ordinary natural gas emissions, of 3 ppm NOx and 30 ppm CO.
Autoignition of the vaporized liquid fuels in the gas turbine is controlled by the fraction of inert diluent added in
the vaporization process. The LPP technology is able to process a wide range of hydrocarbon liquid
compositions up to No. 2 fuel oil and biodiesel, and even varying liquid fuels stream compositions — by
continually adjusting the amount of dilution to maintain a heating value consistent with natural gas.

Results of actual gas turbine testing in a Solar Turbine Taurus 60 combustor and Capstone C-30 gas turbine
will be presented, as well as detailed thermodynamic modeling of several different commercial gas turbines, to
demonstrate the efficiency benefits of LPP Combustion compared to conventional gas turbine spray combustion
of liquid fuels.

y12711 NP HNIND /99 1 NINSD

PE PN H)'D)9D
D1HON 1M



