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Air Separation is a continuous process in which atmospheric 
air, which is a mixture of gases, mainly Nitrogen, Oxygen and 
Argon, is separated into these pure component gases. The 

process is highly energy intensive and somewhat unique in that the 
basic raw material, being air, carries no cost. For this reason electric-
ity, which is required to drive the process, is the true raw material, 
and makes up a massive 75 - 80% of the operating costs. This places 
enormous emphasis on energy efficiency in the design and operation 
of such facilities. 

The basic process is depicted in Figure 1 and starts with air filtra-
tion and compression, followed by purification to remove moisture 
and other impurities. The purified air is cooled to its liquefaction point 
and separation into its component gases by fractional distillation. The 
refrigeration for the process is typically achieved by a side-stream, 
or recycle stream, which is boosted to a higher pressure, cooled and 
expanded in one or more expansion turbine which provides the very 
low temperatures required for the liquefaction of the air (-190oC).

 

Figure 1: Process Flow for a simple Liquid Oxygen/Nitrogen Producing Air 
Separation Unit.

The primary energy consumers are the main air compressor, which 
feeds air into the plant, and the booster or recycle compressor, which 
provides the compression energy required for the refrigeration and 
liquefaction cycle. In some cases it is possible to combine these du-
ties into a single compressor.

Air separation units or plants vary widely in both size and con-
figuration, and although some degree of standardisation is employed 
around specific plant platforms, the majority of these plants are 
customised and optimised to provide a specific product slate for a 
specific market requirement. 

Advances in air separation unit technology

Over the last 60 years ASU technology has benefited from a combina-
tion of gradual incremental advances in machinery and control system 
development, as well as a number of breakthroughs in fundamental 
process design. Developments such as low thermal loss Temperature 
Swing Adsorbtion (TSA) systems for air drying and purification have 
improved basic plant efficiency. The most efficient TSA systems use 
proprietary low waste heat designs which minimise the heat used 
for regeneration of the desiccants and adsorbents. On larger plants 
it becomes viable to employ waste heat recovery systems to provide 
part of this regeneration duty. This would typically be achieved by 
recovering the heat of compression from a process compressor. 

Other advances include the application of high efficiency struc-
tured column packing rather than the conventional ‘trayed columns’. 
This and other process enhancements such as high efficiency plate 
fin heat exchangers, and down-flow re-boiler systems, have led 
to lower overall pressure drop requirements and tighter approach 
temperatures, and hence a reduction in the power required by the 
compressors. The availability of advanced engineering tools such 
as computational process simulation software, coupled with a well 
developed in-house know-how and plant test data, has also enabled 
the ASU process designer to achieve the highest possible levels of 
process cycle optimisation. Simulation tools have proved exception-
ally useful in ASU design because of the integrated nature of the 
process. The net effect of these advances is indicated by the upper 
curve in Figure 2, which represents the gains in separation efficiency 
between 1950 and 2010. 

 
Figure 2: Advances in Separation Efficiency. η SEP = Separation Efficiency 
ie the ratio of the theoretical work required to separate the gases to the 
actual work required (Copyright: Air Products and Chemical Industries).

Coega air separation plant
State of the art energy efficiency technology
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A state of the art air separation unit (ASU) was recently developed at the Coega Industrial Development Zone in the Eastern Cape. This article 

discusses some of the technical advances and equipment selection considerations in developing such projects, with particular reference to 

energy efficiency.
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Electrical design considerations in ASUs

Eskom recently imposed a number of mandatory energy efficiency 
measures which are required for any new electricity consumer. A 
modern ASU will generally exceed the latest Eskom requirements as 
simple analysis of the operating costs dictate that only the highest 
efficiency equipment should be used. 

The compressors used in ASU applications are high efficiency 
units incorporating the latest 3D impeller aerodynamic designs. Com-
pressors will also be fitted with extended surface area intercoolers to 
achieve as near isothermal compression as practically possible. Inlet 
guide vane capacity control is universally applied to achieve the best 
possible efficiency under part-load operation. It goes without saying 
that the compressor drive motors are of high efficiency design.

The refrigeration requirements of the ASU are met by expanding 
the process gases (ie air or nitrogen) in one or more process expan-
sion turbine/s. Conventional mechanical refrigeration systems simply 
expand the refrigerant across a Joule-Thompson (throttling) valve to 
generate low temperatures. ASUs require much lower temperatures 
than can be obtained by Joule-Thompson expansion and therefore 
utilise some form of expansion turbine as the primary cooling device. 
These turbines simultaneously provide process cooling, and recover 
process energy. The energy extracted from the process is typically 
used to drive a booster compressor, or to drive a generator which 

feeds electricity into the plant’s electrical system, and would provide 
a portion of the plant’s electricity requirements. The generators used 
for this application are commonly induction machines, which are 
relatively simple to operate, and do not need accurate speed control 
or synchronisation equipment. 

ASUs will typically require a number of large MV drives for the 
air and gas compressors, and numerous smaller LV drives for the 
process cooling water and utilities systems. Variable speed drives, 
although not generally suitable for the main compressors due to their 
high power requirements, can help to reduce overall plant power. 
They are typically employed on process pumps, and on cooling water 
systems, where the system duty may vary significantly with ambient 
conditions or plant loading, and power can be saved by turning these 
systems down during certain periods.

Selection of compressor drive motors 

The main air and gas compressor motors can vary in size from 1 MW 
on a small ASU up to 50 MW on a large ASU. The main criteria in 
selection of the drives are plant reliability and efficiency. Continuous 
process industries such as air separation require that machinery be 
able to operate for long periods with minimal maintenance inter-
vention. This dictates the selection of cage type induction motors, 
or synchronous motors for the larger applications. Either of these 
motors will provide the necessary reliability and efficiency. Slip ring 
motors, despite their attractive starting torque-current characteristics, 
are not suitable for ASU service because of their higher maintenance 
requirements.

Synchronous motors generally provide a higher overall efficiency, 
not least because they can be designed to operate at unity power fac-
tor, or even a slight leading power factor to correct for the lag effect 
of the smaller drives on the plant. This reduces the overall current 

Abbreviations

ASU – Air Separation Unit
GTL – Gas To Liquid
HMI – Human Machine Interface
LV – Low Voltage
MV – Medium Voltage
NPV – Net Present Value
SCADA – Supervisory Control And Data Acquisition
TSA – Temperature Swing Adsorbtion
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demand of the ASU, and leads to lower network access and demand 
charges. Synchronous motors do, however, carry a higher capital 
cost, and in the South African context it is now unusual to see a syn-
chronous motor selected for a duty of less than 10 MW. The precise 
cut-off point where synchronous motors become more economical 
has shifted upwards in recent years partly due to the availability of 
reasonably priced MV capacitors, which when used in conjunction 
with induction motors can achieve similar overall operating costs at 
a lower initial cost. There are many factors which influence the mo-
tor selection decision; such as the specific electricity tariff structures 
applicable. It is also common to purchase a capital spare for a large 
ASU compressor motor. This clearly favours the choice of induction 
motors due to the duplication of the capital cost. The selection of the 
compressor drive motors plays such an important role in an ASU’s 
life cycle cost that it is necessary to evaluate the specific economics 
of each case based on a life cycle cost analysis using the Net Present 
Value (NPV) financial method.

Another consideration is the relatively high starting current 
requirements for the ASU compressor drives. A careful analysis of 
the supply system fault levels and starting current requirements is 
required to determine the best starting method. Smaller drives are 
preferably started direct on line, but for larger compressor drives 
some form of soft starter is often required. The preferred starting 
method is reduced voltage starting using a Korndorfer type auto-
transformer system. This system has proved to be the most reliable 
and economical system for medium sized MV drives. Special purpose 
thyristor-type soft start drives are employed where system fault levels 
are too low to use an autotransformer. This is, however, the last resort 
in motor starting methods due the high capital cost. 

Other efficiency considerations 

The ability to interrupt electrical demand during peak power has 
become increasingly important due to the almost universal adoption 
of ‘time of use’ electricity tariffs, such as Eskom’s Megaflex Tariff. 
ASUs are not suited to stop-start operation because the time required 
to start-up and reach stable product purities. Nevertheless, certain 
ASU configurations do allow for at least partial load interruption by 
shutting down the Nitrogen recycle circuit. This temporarily reduces 
plant output but does not unduly disrupt the distillation system. Con-
siderable reductions in overall energy cost per kWh can be achieved 
by such load reduction methods. 

Current developments and trends

One area which is still showing considerable efficiency gains is the ap-
plication of advanced process control systems. These are essentially 
supervisory systems which are installed at a level above the SCADA 
or HMI system, and they seek to emulate the 'best operator' behaviour 
for any set of operating circumstances. Advanced control can have a 
significant effect on specific energy consumption (kWh/ton of product) 
as the plant set-points are constantly adjusted and optimised to the 

best possible operating point. Ramping between various operating 
points can also be controlled in a more consistent manner than by 
operator intervention. This has considerable benefits for ASU plants 
as they are sensitive to external influences such as changing ambient 
conditions, and changing product demands.

Process integration is another avenue which holds further prom-
ise for improving energy efficiency on large tonnage ASU plants 
supplying oxygen to petrochemical or metallurgical processes. 
Many of these petrochemical and metallurgical processes generate 
significant amounts of waste heat which can be used to raise steam, 
and hence to generate electricity, but is often more efficient from a 
holistic point of view to directly drive the ASU compressors by steam 
turbine. This removes the number of conversion losses in the energy 
chain and results in a greater overall efficiency. There are operational 
challenges with such process integration due to the resulting inter-
dependence of the systems. This can adversely affect reliability and 
operability and the technical challenges revolve around these issues. 
Nevertheless, such process integration is already being effectively 
used in many processes such as ‘Gas to Liquid’ (GTL) production, 
and methanol production.

Conclusion

Although air separation by cryogenic distillation is a relatively mature 
technology considerable strides are being made in improving energy 
efficiency. Because of the electrically intensive nature of the process 
the selection of electrical and control equipment is a key ingredient 
in this development. It is often stated that cryogenic air separation 
is reaching a plateau in development, and various competing (non 
cryogenic) technologies are indeed gaining ground, but their use is 
currently still limited to smaller plants making a single product (ie the 
production of only one gas; either oxygen or nitrogen). The alterna-
tive oxygen production technologies are also currently only suited 
to lower purity applications. Air separation by cryogenic distillation 
is therefore here to stay, and we can expect further incremental de-
velopments in efficiency as electricity costs escalate.
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