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In the “energy transition era” we are experiencing today, renewable energy is the fastest-growing energy source, accounting for 40% of the increase in primary energy. However, since it would be extremely difficult to provide sufficient energy for rapid world economic growth while at the same time phasing out fossil energy for environmental reasons, fossil fuels will continue to play a key role in the energy sector. Among them, natural gas grows strongly and much faster than either oil or coal, being an environmentally-friendly fuel supported by broad-based demand and the continuing expansion of LNG, increasing the availability of gas globally.
Although nitrogen-rich gases were not considered an interesting source in the past, they are now becoming a considerable fraction of the total treated gas. A typical specification for N2 relative to a pipeline-quality natural gas is 3% (the exact value depends on local government specifications), mainly for increasing the heating value of the gas and for meeting the Wobbe Index. On the contrary, a maximum concentration of 1-2% N2 is often specified for LNG to avoid “auto-stratification” in the LNG storage tanks, which can be a precursor to tank “rollover”.
Cryogenic distillation is the only viable option for the removal of N2 from a natural gas stream in the Nitrogen Rejection Unit (NRU) in case of high N2 loads, high flowrates and stringent specifications both in the product stream and in the rejected stream. Typically, the feed gas has to contain methane and N2 and only very low quantities of compounds (such as CO2) that might freeze at the NRU operating temperatures and cause equipment blockage.
Focusing on the production of pipeline-quality natural gas, the aim of this work is to analyse the cryogenic removal of N2 from natural gas streams that also contain CO2 since a CO2-tolerant NRU may reduce capital and operating costs reducing the upstream removal of CO2. In this respect, a thermodynamic analysis is first performed on the ternary system N2-CH4-CO2, by studying its Solid-Liquid-Vapour Equilibrium (SLVE) conditions. This thermodynamic analysis has allowed identifying a method for performing a process analysis considering the single-column configuration for NRU. A feed stream with N2 molar fractions ranging from 1% to 30% (i.e., the maximum N2 concentration the single column configuration is recommended for) has been taken into account and, for each case study, the feed stream has been characterized in terms of the maximum admissible CO2 content that avoids solidification within the process and allows reaching the desired value of the Wobbe Index. Therefore, a range of applicability of the single-column nitrogen rejection is determined depending on the N2 and CO2 contents in the feed gas. The process analysis has been extended to also account for energy saving issues, using a methane heat pump.
