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A study undertaken by South African gas manufacturer Afrox 
revealed that the company consumes more than 80 MW 
of energy across its facilities. Afrox's eight air separation 

unit (ASU) production plants account for approximately 88% of all 
consumption, due to the fact that the facilities require considerable 
amounts energy to run their compressors and to cool, liquefy, filter 
and distil atmospheric air into its constituent parts, namely; oxygen, 
nitrogen and argon - the gas primarily used in arc welding applica-
tions, such as gas metal arc welding and gas tungsten arc welding. 

Due to the fact that argon constitutes only approximately 0,93% 
(9 300 ppm) of the Earth's atmosphere, vast amounts of oxygen and 
nitrogen must also be produced in order to ensure a sufficient supply 
of argon to the local market. If gas producers do not have sufficient 
demand for the oxygen and nitrogen, they are forced to continue run-
ning the plant and vent the oxygen and nitrogen into the atmosphere, 
also known as windmilling. This scenario makes the production of 
argon even more costly, and a concomitantly substantial increase in 
electrical energy consumed.

Air separation and liquefaction systems

Industrial gas companies seeking a low initial cost, low operating 
costs and a high degree of product mix flexibility may benefit from 
air separation and liquefaction systems - such as the Universal 8000, 
which is manufactured by Universal Industrial Gases (UIG) – a United 
States of America-based, global supplier of industrial gas production 
equipment and related services. Producing about 300 MTD of liquid 
product, the Universal 8000 can adjust its product mix to match market 
demand. The plant uses cryogenic distillation to produce five tons per 
day, or more, of liquid argon. Argon can only be produced in large 
quantities using the process of cryogenic distillation.
Features:
•	 8000	Nm3/hr total liquid production  (approximately 300 tons per 

day)
•	 Flexible	product	mix	can	be	tailored	to	local	markets
•	 Produce	pure	argon	by	cryogenic	distillation	–	a	standard	feature
•	 Low	specific	power	–	0,74	kWh/	Nm3 (1,95 kWh/100 SCF)
•	 Advanced	monitoring	and	control	allows	unattended	operation

Defining the most cost effective and reliable production and distribu-
tion system for nitrogen, oxygen, argon and other industrial gases 
requires the optimisation of a number of supply system characteris-
tics. A truly optimal installation not only achieves a low unit cost for 
gas production, but also provides a high degree of production rate 
flexibility and high reliability. 

The basic technology choice between cryogenic or non-cryogenic 
technology is largely determined by the number of products that must 
be supplied, the required production rates for each gas and liquid 
product and required product purities. The need to accommodate user 
demand patterns and flow rate fluctuations leads to additional system 
optimisations. In an optimal onsite gas supply system, the local gas 
production plant is sized to economically provide the maximum pos-
sible percentage of onsite gas demand, while the amount of liquid 
vaporisation required to support day-to-day operations is minimised.  

Factors favouring or necessitating cryogenic plants

Cryogenic processes are required to generate liquefied product, 
either for plant back-up or for use in very low temperature appli-
cations, such as food freezing. Cryogenic distillation is necessary 
for producing oxygen at greater than 96% purity. Argon boils at a 
temperature very close to oxygen. Separating oxygen plus argon 
from nitrogen is relatively easy, but that results in 95 to 96% purity 
oxygen. To make higher purity oxygen requires the removal of the 
argon, and the only commercially viable technology for making this 
separation is distillation.

Cryogenic distillation is necessary to produce argon. Due to the 
fact that argon comprises less than 1% of air, it cannot be produced 
economically unless it is a co-product, usually of a high purity oxygen 
plant or sometimes of an ammonia plant. Cryogenic separations are 
most cost effective at higher production rates. Cryogenic processes 
are often preferred above 50 tons per day, and are used almost 
exclusively when gaseous product requirements exceed about 100 
tons per day.  

The lowest unit cost product is typically attained when a 'piggy-
back' plant can be installed to meet the needs of users having upwards 
of 50 tons per day of nitrogen or oxygen demand, and the user is 
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located in an area which does not have local production of bulk liquid 
products. Piggyback plants serve one or more onsite gas customers, 
such as a steel mill, while co-producing bulk liquid products which 
are then delivered to remote liquid nitrogen and liquid oxygen users. 
These plants offer economies of scale and provide excellent produc-
tion backup to the onsite user, due to the large amount of liquid that 
will be stored on site to support merchant liquid deliveries.  

When merchant liquid production is desirable, several factors 
often argue in favour of installing liquefiers that have more than the 
minimum required capacity. On a per-unit-of-production basis, larger 
plants are more capital efficient and often more energy efficient too. 
If power costs in a particular area are lower than those in surround-
ing areas, supplying customers in outlying areas can sometimes 
be done more economically with the product made in the low cost 
area - provided that the production cost savings more than offset 
increased transportation costs.

Liquid	nitrogen	(LIN)	assist	plants,	which	are	also	known	as	LIN	
injection plants, are a special type of cryogenic nitrogen plant that 
uses imported refrigeration derived by vaporisation of a small amount 
of	purchased	LIN	to	drive	the	cryogenic	separation	process.	Because	
this type of plant has no mechanical refrigeration components, their 
capital cost is reduced versus a complete cryogenic plant. They are 
particularly cost effective for applications where users require high 
purity nitrogen but have relatively low usage rates (10 to 20 TPD). 
They are most likely to have favourable economics when demand is 
relatively steady and close to the plant's maximum design capacity.  

Approximately 6,2 MW of energy is consumed to produce 300 
MTD of liquid, and it is unnecessary to waste this commodity when 
it is so easy to detect and optimise. A large number of companies 
in South Africa remain unaware of the fact that there is technology 
available to assist them in reducing and optimising their gas con-
sumption. This technology has been developed with the national 
interest in mind, with every effort made to take load off the national 
grid, road networks and the environment. As previously mentioned, 
between	30	and	40%	of	industrial	gas	is	lost	in	plants	as	a	result	of	
leakage alone. There is, however, light at the end of the proverbial 
tunnel - as various leak detection and optimisation technologies can 
ensure gas saving being increased by 90%. 

One of the most effective and advanced methods of identifying 
gas leakages is by making use of ultrasonic detectors, such as the 
one manufactured by SDT International – global manufacturer of 
ultrasonic measuring instruments and related technology. Unchecked 
gas leaks contribute towards financial losses and could result in a 
potentially hazardous situation if the gas is flammable or toxic to 
humans. An ultrasonic gas detector provides the most precise and 
cost effective solutions in leak detection, as any compressed gas leak 
can be quickly and safely identified from up to 80 m away, even in a 
noisy factory environment. 
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Gas leaks generate friction, which in turn creates ultrasonic sound 
waves that cannot be heard by the human ear, with a frequency of 
more than 20 kHz. The friction created by leaking gas is very specific, 
and	can	be	anywhere	between	38	kHz	to	40	000	kH.	High	frequency	
sounds are more directional than lower frequency, which makes it 
easier to pinpoint the source even in the presence of other background 
noises, when making use of an ultrasonic gas detector. 

Industries can further ensure minimal gas wastage by fitting 
shielding gas economiser systems, which carefully monitor and 
optimise gas consumption through accurate measurement technol-
ogy. An important component of this technology is that the Shielding 
Gas Economiser prevents surges at start-up, allowing for an even 
flow during welding. In addition, the systems also enable users to 
conduct routine leak detection surveys - resulting in significant gas 
and financial savings. 

Conclusion

Most gas leaks in South African industrial operations are a direct 
result of poor maintenance of gas supply lines. A large number of 
companies operate for years without undertaking any checks, and are 
completely unaware that they in fact have numerous leaks that have 
been caused as a result of degradation, wear and tear over a period 
of	time.	Bearing	this	in	mind,	it	is	recommended	that	leak	detection	
is carried out by a certified professional every six months.

The effects and benefits of conserving gas through optimisation 
on plants and through leak detection is, therefore, more important 
than	ever.	Less	wastage	results	in	less	energy	consumption	during	
the manufacturing process, which in turn leads to less gas being 
compressed into cylinders and transported on the roads. This has a 
trickledown effect, where less trucks on the road result in less pollu-
tion and wear-and-tear on the vehicles and carriageways. This posi-
tive macro-economic effect also reflects favourably on the electricity 
supply grid, as there will ultimately be a more stable supply and less 
pollution generated from power stations. 

Wayne Holt (M Sc (Eng) Met (Wits) MBA (Wits) is the 
chief executive officer of Shield Technologies, which is a 
gas and welding management company that specialises in 
gas and welding optimisation and energy saving primarily 
in the welding and cutting sector. He has over 30 years 

experience within the engineering sector and has spent more than 15 
years in industries related to welding and cutting of all metals. Wayne 
has extensive experience as a welding specialist at Afrox, metallurgist 
at Haggie Rand and key accounts manager at Arcelor Mittal.
Enquiries: Tel. 011 453 7152 or email info@shieldtechnologies.co.za.

ASU – Air Separation Unit
MTD – Multiple Tank Display
LIN – Liquid Nitrogen


