itrogen is a naturally occurring component of many natural gas

reservoirs and is present in varying concentrations across producing

basins worldwide. While small amounts are typically passed through to

pipeline customers, elevated nitrogen content cannot be, and it has
become an increasingly important issue in several US producing regions,
particularly in the Permian Basin. As gas production has expanded and diversified,
the industry has encountered a growing proportion of lower-quality gas streams
that require treatment before they can meet pipeline or LNG specifications.

The increasing importance of LNG exports has further amplified the issue.
LNG facilities require tighter specifications, making even moderate nitrogen
concentrations problematic. As a result, nitrogen that may once have been
tolerable in domestic markets is now a constraint in global gas supply chains.

Among the available technologies for nitrogen removal, cryogenic distillation
has emerged as a key solution for processing large volumes of high-nitrogen gas.
This article provides a technical overview of why nitrogen removal matters, the
principal technologies available for nitrogen rejection, and the advantages of
cryogenic distillation as a separation method.




Why nitrogen removal in natural gas
matters
Nitrogen is an inert gas and does not contribute to the heating
value of natural gas. Its presence introduces several technical and
economic challenges. Most pipeline systems limit nitrogen
content to approximately 3 - 4%. LNG specifications are often
stricter (typically around 1%). Gas exceeding these limits must be
treated before sale or transport.

High nitrogen content in natural gas can lead to reduced
recovery of valuable hydrocarbons if separation is inefficient,
as well as increased flaring or venting if methane is lost during
treatment, and higher processing costs and capital expenditure.

Figure 1. 50 million ft3/d NiTech IV two-column
cryogenic NRU in West Texas, US.
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Nitrogen presents challenges in LNG production because it
lowers liquefaction efficiency, it occupies capacity in liquefaction
trains, and it complicates storage and boil-off management.

Low nitrogen concentration in LNG (<1% mol) is a
specification needed to prevent ‘rollover, which can cause a
surge of vapour generation and pressure in LNG storage tanks.
Nitrogen in LNG can cause stratified layers to form because
nitrogen is more volatile and less dense than methane. Over
time, heat ingress will result in a density change as nitrogen
prefers to boil out of solution. When the density difference
between layers diminishes to a critical point, rapid mixing can
occur, triggering rollover. As LNG demand grows, nitrogen
removal becomes increasingly critical to maintaining throughput
and product quality as well as safe operations.

Overview of nitrogen removal
technologies

Several technologies are used to remove nitrogen from natural
gas. Selection depends on factors such as nitrogen concentration,
flow rate, pressure, and desired methane recovery. The primary
methodologies will be discussed are as follows:

Membrane separation

Membrane systems attempt to separate methane and nitrogen
through selective permeability, but the nearly identical kinetic
diameters and physicochemical properties of CH, and N,
present a fundamental challenge to efficient separation. This
intrinsic similarity severely limits methane recovery and
compromises overall process efficiency, preventing membrane
technology from achieving widespread commercial viability at
scale. As a resullt, its application remains largely confined to
small-volume gas streams.

Pressure swing adsorption (PSA)

PSA systems use adsorbent materials to selectively capture one
component under pressure, then release it during
depressurisation. Depending on the gas composition, PSA can
achieve a high methane recovery and is suitable for low flow
rates, such as renewable gas processing. It does not scale well for
large projects such as natural gas or LNG processing operations.

Cryogenic distillation
Cryogenic distillation is the primary technology
for large scale nitrogen removal, particularly at
higher nitrogen concentrations and flow rates.
It operates by cooling the gas mixture to a
very low temperature and separating
components based on their differing boiling
points. Methane condenses at a higher
temperature than nitrogen, allowing separation
in a distillation column. Cryogenic nitrogen
rejection units (NRUs) rely on the boiling point
differences between methane and nitrogen
(-161.6°C and -195.7°C respectively at atmospheric
pressure). This difference in volatility enables
separation through low-temperature
rectification.

Figure 2. Phase envelope for typical natural gas stream with

4% nitrogen.
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A typical cryogenic nitrogen removal
process begins with feed gas pretreatment,
during which water, carbon dioxide, and



Figure 3. 125 million ft3/d NiTech IV two-column
cryogenic NRU in New Mexico, US.

heavy hydrocarbons are removed to prevent freezing in
downstream equipment. The treated gas is then cooled using
heat exchangers and expanded through valves via the
Joule-Thomson effect to reach cryogenic temperatures. At these
conditions, partial liquefaction occurs, causing methane to
condense while nitrogen remains largely in the vapour phase.
The resulting mixture is fed into a distillation column, where
nitrogen is separated and exits as an overhead vapour product,
while a methane-rich liquid is recovered at the bottom. The
nitrogen-rich stream may be vented or further processed to
minimise methane losses. Finally, the methane product is
reheated and recompressed to meet pipeline specifications.
This process enables high methane recovery and the production
of pipeline-quality gas.

Advantages of cryogenic distillation
Cryogenic distillation offers several distinct advantages over
alternative nitrogen removal technologies, particularly in terms
of performance, scalability, and operational efficiency. One of its
primary benefits is the ability to achieve very high methane
recovery, often exceeding 99%. This not only maximises product
yield but also reduces potential methane emissions in the
nitrogen stream, which is typically vented to the atmosphere.
The process is especially well suited for large scale applications,
performing effectively at high flow rates (typically above
approximately 15 million ft3/d and up to 500 million ft3/d) as well
as in cases with high nitrogen content in the feed, where other
technologies often become inefficient or uneconomic.
Cryogenic systems are also capable of meeting stringent product
specifications, reducing nitrogen concentrations to as low as
0.5%. This allows operators to design NRUs that utilise bypass
and blending strategies to meet pipeline specifications without
processing the entire gas throughput; in practice, this can enable
optimisation across multiple facilities by selectively blending
feed and product streams.

In addition, cryogenic processes do not rely on chemical
solvents or adsorbents, thereby eliminating the need for
consumable materials, avoiding issues related to solvent
degradation and replacement, and reducing environmental
handling requirements. This contributes to simpler operation and
lower long-term maintenance. Although cryogenic systems
typically require a higher initial capital investment compared
to similarly sized PSA units, they benefit from strong
thermodynamic efficiency at scale, driven by economies of scale
and effective heat integration. Many designs operate without
internal energy consumption or rotating equipment, instead
utilising inlet pressure drops and gas expansion to provide the
necessary refrigeration. As a result, utility costs and consumable
expenses can be significantly lower, making cryogenic distillation
economically competitive for large, high-nitrogen gas streams.

Limitations and considerations

Despite its advantages, cryogenic distillation also presents several
challenges that must be carefully considered. The process
typically involves a higher capital cost compared to simpler
nitrogen removal technologies, along with increased operational
complexity due to the need to control and maintain
low-temperature systems. In addition, stringent feed gas
pretreatment is required to prevent freezing of contaminants,
with carbon dioxide levels needing to be reduced to
approximately 50 ppm and water content to around 0.1 ppm.

In many cases, the NRU is located downstream of an
expander-based cryogenic system, meaning the water
specification is already achieved through conventional molecular
sieve dehydration, while the carbon dioxide requirement can be
met using widely available formulated amine systems. These
considerations must be balanced against the performance and
efficiency benefits when selecting an appropriate nitrogen
removal solution.

Conclusion
The increasing nitrogen content in natural gas, particularly in the
Permian Basin, reflects broader trends in resource development,
including the expansion into lower-quality reservoirs and the
aggregation of diverse gas streams in large scale infrastructure
systems. As nitrogen concentrations rise, its impact on heating
value, transport efficiency, and marketability becomes more
pronounced — particularly in the context of LNG export growth.

A range of technologies exists for nitrogen removal, each
suited to specific operating conditions. Membranes and
adsorption systems provide valuable solutions for smaller
applications. However, for mid to large scale processing of
high-nitrogen gas, cryogenic distillation remains the most
effective and widely applied technology.

Cryogenic systems achieve high methane recovery,
meet stringent product specifications, and provide robust
performance across a wide range of operating conditions.
Although capital-intensive, their scalability and efficiency make
them indispensable in modern natural gas processing, particularly
in regions where nitrogen content is both variable and increasing.

As gas markets continue to evolve, the ability to
economically process lower-quality resources will remain critical.
Cryogenic distillation will continue to play a central role in
enabling that transition, supporting both domestic supply and
the expanding global LNG market. L
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