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A
bu Dhabi’s domestic sales gas production will increase significantly 

over the next 3 – 4 years as mega projects such as OGD-III, AGD-II 

and IGD become operational. Development of the marginal ultra 

sour Shah gas field is also proceeding. In addition, injection of 

both nitrogen and carbon dioxide is planned for Abu Dhabi’s oilfields to 

maintain production while maximising delivery of natural gas to meet 

increasing domestic demand. Residue gas injection programmes for pressure 

maintenance of oil and gas reservoirs currently account for approximately 35% 

of Abu Dhabi’s total gas production. Remaining gas production serves the 

domestic market, almost 60% of which is allocated for electric power 

production.1

Uses of nitrogen for enhanced  

oil recovery
Nitrogen can be used in various oil and gas recovery applications from simple 

pressure maintenance to more complex miscible techniques:2

 n Gas cycling. Condensate reservoirs can be maintained above hydrocarbon 

dew point by injection of natural gas, either raw or following processing. 

With natural gas commanding increased prices, it becomes economically 

attractive to replace injected natural gas with nitrogen.

 n Attic oil production. A steeply dipping reservoir with an active water 

drive may leave oil trapped above the producing wells. If the volume of 

oil is too small to justify drilling an additional well it may be economical 

to displace with natural gas. Again nitrogen can be used in place of 

natural gas.

 n Driving miscible gas slugs. At pressures above approximately 70 bar, 

carbon dioxide can become miscible with oil and may be used as a 

miscible flood agent. Cost and availability of carbon dioxide may lead to 

the use of a carbon dioxide slug with nitrogen chase gas, which may be 

injected alternately with water. 

 n Gas cap production and pressure maintenance. Cap gas is often not 

produced until the later stages of oil production. If it is desirable to 
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produce gas from the cap earlier, this can be achieved 
by injecting nitrogen to replace the produced gas.

 n Miscible displacement. Nitrogen can achieve miscibility 
when the pressure is sufficiently high (i.e. the reservoir 
is sufficiently deep). The oil must also have sufficiently 
high API gravity (45˚ or greater) to achieve first contact 
miscibility.

Nitrogen injection 
developments in Abu Dhabi
The Abu Dhabi National Oil Company (ADNOC) has recently 
initiated construction of two large scale air separation  
units with a combined nitrogen production capacity of 
670 000 ft3/hr through its joint venture company, Elixier. 

The produced nitrogen will be injected into Abu Dhabi’s 
onshore condensate fields at Habshan. Associated gas 
produced in these condensate fields passes to the Habshan 
gas processing facilities, consisting of multiple processing 
trains for sulfur removal and natural gas liquids (NGL) 
recovery. These facilities deliver product gas meeting the 

required specification for 
either domestic sales or 
reinjection. Over time, the 
injected nitrogen will 
appear in the associated 
gas, necessitating removal 
to meet heating value 
specifications. 

Nitrogen 
rejection 
technology
Nitrogen is inert and can 
lead to poor combustion 
characteristics. Nitrogen 
also leads to increased size 
and cost of compression 
facilities, pipelines and 
processing plants, and sales 
gas specifications typically 
limit its concentration to  
4 – 5 mol%. Nitrogen 
injection projects, such as 
those proposed for Abu 
Dhabi, result in increasing 
gas nitrogen content over 

time, from low levels on initial breakthrough to 40 mol% or 
higher, and nitrogen rejection facilities need to have 
flexibility to handle such a composition range. 

There are a range of process flowsheets for nitrogen 
rejection from natural gas and selection of the most cost 
effective must consider the facility overall, including feed 
gas pretreatment, nitrogen removal and gas compression 
requirements. The primary consideration in flowsheet 
selection is feed gas nitrogen content, and this is of even 
greater importance where increasing nitrogen content must 
be accommodated.

For small plants, pressure swing adsorption (PSA) 
typically below approximately 25 million ft3/d and semi 
permeable membranes can be considered. However, neither 
can produce the high purity nitrogen waste stream 
achievable with cryogenic processes, maximising product gas 
revenues and minimising methane greenhouse gas emissions. 

For larger plants, including those to handle gas from the 
large scale nitrogen injection projects planned in Abu Dhabi, 
cryogenic nitrogen rejection is the only economical 
solution. Nitrogen rejection trains processing up to 
300 million ft3/d feed gas have been installed in a number of 
locations, with hydrocarbon recovery exceeding 99.9% and 
with high thermodynamic efficiency leading to low power 
consumption. Hydrocarbon content of the waste nitrogen 
stream, typically vented to atmosphere, is set considering 
environmental and economic criteria, with 0.5 – 1.0 mol% 
typically being achievable. 

Pretreatment requirements upstream of nitrogen 
rejection plants are similar to other gas processing facilities 
such as those for NGL recovery, although deeper removal of 
contaminants may be required to avoid freezing at the low 
temperatures employed. Removal of heavy hydrocarbons, 
and particularly aromatics such as benzene, is an issue. Acid 
gas removal to avoid carbon dioxide solidification is also an 
important consideration, with removal to low levels 
upstream of the nitrogen rejection unit being a robust 
solution. Process designs more tolerant to carbon dioxide 

Figure�1. Krio Odolanow gas 
processing plant, Poland.

Figure�2. BG Tunisia, Hannibal gas plant, Sfax, 
Tunisia.
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can be used where concentration in feed gas is relatively 
low, avoiding the requirement for upstream removal.

It may be attractive to integrate NGL recovery and 
nitrogen rejection in a single plant and Costain has 
developed designs combining its technologies for nitrogen 
rejection and for high NGL recovery. Consolidating heat 
exchange systems for NGL recovery and nitrogen rejection 
provides an opportunity for cost saving, but the main 
benefit is in increased thermodynamic efficiency and 
reduced product gas compression requirements.

Technology 
developments and 
projects
Process optimisation and energy integration are 
very important in low temperature gas 
processing where compression requirements 
make up a large part of both capital and 
operating cost. Optimisation is largely a case of 
minimising cost by balancing process efficiency 
and flowsheet complexity against compression 
requirements and cost.

A key objective in design is to efficiently 
utilise the pressure energy in the feed gas, 
producing refrigeration through the  
Joule-Thomson effect on pressure let down and 
optimising energy integration through efficient 
use of multi stream plate fin heat exchangers. 
Incorporation of turboexpanders will not 
normally provide a significant benefit as liquid 
rather than vapour streams tend to be let down 
across the valves.

Cryogenic nitrogen rejection processes can 
typically remove nitrogen economically to 
lower levels than required to meet sales 
specification, allowing a portion of the feed gas 
to bypass the unit. 

First nitrogen rejection unit
Costain’s first nitrogen removal project was for 
an installation at Odolanów, Poland in the 
1970s, and built on Costain’s extensive 
experience in cryogenic air separation and gas 
processing. The plant, which is still 

operational, was designed to process 250 million ft3/d feed 
gas containing 45 mol% nitrogen in two trains. (Figure 1). 
The plant also recovers 450 000 ft3/d of helium.

A double distillation nitrogen rejection process, derived 
from processes used in air separation, was selected due to 
its high energy efficiency, simplicity, and tolerance to feed 
gas changes. A high pressure column, operating at 
approximately 26 bar, produces a nitrogen overhead stream 
used to reflux a low pressure distillation column, operating 
at close to atmospheric pressure, and producing a pure 
nitrogen overhead vapour and pure methane bottom liquid. 
Reboil of the low pressure column is integrated with an 
overhead condenser on the high pressure column, the 
process requiring no external refrigeration. 

Preseparation column innovation
Costain next evaluated processing options for processing gas 
from Morecambe Bay in the UK’s Irish Sea, with nitrogen 
content of approximately 8 mol%, identifying an important 
concept for processing gas with relatively low nitrogen 
content, incorporating a preseparation column upstream of 
the main distillation system. 

Separation by distillation to obtain pure products has 
reasonably high energy requirements, especially where the 
feed is relatively dilute in one desired product, as with the 
relatively low nitrogen content of the Morecambe Bay gas. A 
crude initial separation is therefore attractive to reduce 
power consumption. The process was patented and has 
since been successfully implemented by Costain in a number 
of major nitrogen rejection facilities.3

Figure�3. E.On Connah's Quay gas treatment plant, with 
preseparation column agjacent to the cold boxes (central), 
pretreatment system (front) and sales gas compression (left).

Figure�4. Eni Pakistan Bhit gas processing facility.
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The nitrogen rejection facility located at the onshore 
terminal at Barrow-in-Furness is based on Costain’s process 
design, giving lower capital and operating costs than 
alternative process flowsheets.4 Approximately half of the 
methane in the feed gas is removed at elevated pressure, 
reducing gas compression. The feed for the downstream 
distillation is nitrogen enriched, giving more efficient 
distillation, improved energy integration and the opportunity 
to increase the pressure of lower pressure methane rich 
streams, so further reducing product gas compression power.

Further developments and projects
Costain designed and supplied a nitrogen rejection unit, 
with a capacity of 70 million ft3/d, for the BG Tunisia 
Hannibal Gas Plant, Sfax (Figure 2). This used the double 
distillation process to process feed gas with a nitrogen 
content a little over 50 mol% from an upstream 
preseparation column. Recently, the overall nitrogen 
rejection plant has been debottlenecked and upgraded to 
process a total of 300 million ft3/d of natural gas.

Costain also executed a turnkey project for a gas 
processing facility at Connah’s Quay, UK, processing gas 
containing approximately 10 mol% nitrogen from Liverpool 
Bay (Figure 3). The process flowsheet again used a 
preseparation column and a high degree of energy 
integration with product methane evaporated to provide 
refrigeration at multiple pressure levels and with a flexible 
and efficient sales gas compression system.5 The plant has 
been successfully operated with a range of feed gas nitrogen 
contents and can be quickly ramped up or down to meet 
fluctuating feed gas rates.6

Following this, Costain undertook a project for Eni 
Pakistan for its gas concession in the Bhit Mountains, 
Pakistan. Feed gas nitrogen content of 18 mol% again 
favoured use of a preseparation column system to simplify 
sales gas compressor configuration and minimise power 
consumption. Limitations on cold box size for transportation 
to the remote site also influenced process selection, as a 
stacked double column was not practical. The plant 
(Figure 4), with a design capacity of 270 million ft3/d 
product gas in two trains, has provided very high availability 
since being commissioned in 2003.7, 8

Most recently, Costain 
completed the design and 
supply to PEMEX of a 
600 million ft3/d nitrogen 
rejection facility, the 
world’s largest, with two 
trains at 300 million ft3/d 
each processing gas 
containing nitrogen 
injected into the Cantarell 
field, Mexico, for gas cap 
pressure maintenance 
(Figure 5). This plant is 
designed to operate with 
feed gas nitrogen content 
increasing over time, 
similar to the 
aforementioned Abu 
Dhabi applications.

Nitrogen technology advances
Costain continues to develop and improve its nitrogen 
rejection technologies, with a number of recent patent 
grants for improvements to the double distillation process, 
an improved preseparation column system design, and an 
efficient process for nitrogen rejection in natural gas 
liquefaction.

Conclusion
Abu Dhabi’s increasing domestic gas demand, combined with 
the need to maintain condensate and crude oil production, 
has initiated projects to inject nitrogen for pressure 
maintenance in place of natural gas, introducing a need for 
nitrogen removal from the associated gas. For large scale 
removal of nitrogen from natural and associated gases, 
cryogenic processing is the only economic solution. 
Costain’s experience in large scale nitrogen rejection 
projects, including for oil field nitrogen injection, leads to 
robust and highly operable plant designs, while advances in 
process technology maximise efficiency over a wide range of 
feed gas nitrogen concentrations.   
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Figure�5. Ciudad PEMEX gas plant, Tabasco, Mexico.


