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One of the high pressure air consumers on a compressed air network 
is the gold plant. Figure 1 shows the typical layout of a compressed 
air network. The pneumatic equipment in most gold plants requires 
a high pressure at a low air flow for optimal operation. By isolating 
these plants from the compressed air network, the network pressure 
can be dictated by the high volume of consumers.

Figure 1: Compressed air network.

The reduction in the compressor discharge pressure, the reduction 
in air transferred through the compressed air network, the reduction 
in air lost through leaks and the reduction of the air pressure in the 
network all contribute to energy savings that can be measured on 
the compressors energy consumption.

Pressure losses resulting from line friction

Air flowing through a pipe over a long distance will be subject to 
pressure losses as a result of friction. It is possible to calculate this 
pressure loss if the system pressure, air flow speed, pipe wall rough-
ness and pipe lengths are known. It is safe to assume that turbulent 
flow conditions are present in these networks. Energy savings can 
be achieved from reduced friction losses if the system pressure can 
be reduced. The savings potential is a function of the individual 
characteristics of each network.

Very often a mine compressed air system is operating at a 
higher pressure than required for several reasons. One of 
these is the limitations set by the process plants connected 

to the compressed air network. The pneumatic equipment of these 
plants requires high pressure and low air flow. To supply this high 
pressure to the process plant the entire compressed air ring must 
supply air at a higher pressure. 

The solution to this problem would be operating a dedicated 
compressor for the individual components requiring high pressure 
air. This will allow the plant to be isolated from the compressed air 
network. The network pressure can then be reduced while the process 
plant is supplied with the high pressure it requires.

The result of this method is a reduction in the energy consumption 
of the network’s compressors due to the reduced system pressure. A 
further advantage is that the process plant is supplied from a dedi-
cated high pressure supply and will not be subjected to the random 
fluctuations of a communal compressed air network. 

Another benefit is that any moisture in the air from the small 
dedicated air compressor can be easily removed. Excess moisture in 
the compressed air system can condensate in the pneumatic equip-
ment and cause damage and failure.

Energy savings on the compressed air network as well as opera-
tional benefits to process plants are shown to be viable and sustain-
able options when separating high pressure from low operational 
pressure systems. 

Most large gold mines in South Africa make use of compressed 
air. To generate compressed air, large compressors are installed 
in compressor houses that are connected to all the compressed air 
consumers through an intricate pipe network. 

These compressors are on average responsible for 9%-10% [1] 
[2] of the total electrical energy consumed in the industrial sector. 
Electrical energy savings can be realised by reducing the compres-
sor discharge pressure and decreasing the distance that air has to be 
transferred through the pipe network.
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Most large gold mines in South Africa have centralised compressor houses which supply compressed air for a pipe network system. The 

operational pneumatic equipment found on these sites usually requires different air flows and pressures. These multiple and varied require-

ments must be considered when an energy savings project is to be implemented.
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Air flow losses through air leaks

The compressed air losses caused by air leaks in a compressed air 
network can be calculated if the physical size and number of the leaks, 
as well as the system pressure at each leak position, is known. In 
general, empirical formulas are used to calculate the air lost through 
leaks in a compressed air network, since each network has its own 
specific characteristics. Energy savings, when air leaks occur in the 
compressed air system, can still be obtained if the system pressure 
can be reduced. The air flow, in cubic metres per hour, through a leak 
of known size, is given by the following formula [3]:

V
f
 = 

Where the variables are defined as:
o Volumetric flow rate - V

f
 [m3/h]

o Number of air leaks – NL [dimensionless]
o Atmospheric air temperature - Ti [

oC]
o System air temperature – T1 [

oC]
o System pressure - P1 [kPa]
o Atmospheric pressure - Pi [kPa]
o Isentropic sonic volumetric flow constant – C1 [7,3587m/s K0,5]
o Conversion constant – C2 [3 600 s/h]
o Isentropic coefficient of discharge for square edged orifice - Cd 

[0,8]
o Leak diameter – D [mm] and
o Conversion constant – C3 [106 mm2/m2].

From this formula it can be seen that if the system pressure Pl is 
reduced, the air flow through the leak will decrease. A decrease in 
air lost through leaks will require less air that must be generated - 
resulting in energy savings. 

Energy savings resulting from reduced  
demand pressure

Energy savings can be achieved by controlling the mass of com-
pressed air delivered to the system and the pressure at which it is 
delivered. Every compressed air system is designed to operate at a 
specific, predetermined pressure and flow [4]. 

By lowering the compressor discharge pressure to match the 
requirement of the largest air consumer, the power consumption of 
the compressor can also be reduced. A general accepted estimation 
of a compressor’s power consumption is that it will improve by 1% 
for every 14 kPa reduction in supply pressure [1].

Installing dedicated plant compressor

Before a plant compressor can be installed, it must be specified for 
the demand conditions. The required pressure, the air flow require-
ment, air quality and existing infrastructure all need to be taken into 
account. Compressed air on gold plants is primarily used for agitation 
of slurry dams and pneumatic equipment such as valve actuators 
and air cylinders on loading boxes. In general, air agitation can be 
done with 380 kPa of pressure in the leach tanks and thickener dams 
normally found in gold plants. There are exceptions where dams 
and tanks are higher than 20 m or have a relative density of more 
than 1,56 (dimensionless). A higher pressure will then be required 
to agitate the mixture.

Pneumatic equipment requires high pressure - on average 
500 kPa - at a relatively low flow rate while agitation requires a lower 
pressure at a higher flow rate. The dedicated compressor can be 
specified for both the pneumatic equipment and agitation or just for 
the pneumatic equipment.

It is more cost effective to specify a compressor to supply a 
high pressure at a low flow rate. This requires a smaller compressor 
with a lower installed capacity. The added benefit is that the plant’s 
pneumatic equipment will have a constant supply of compressed air 
at a set pressure. 

The higher volume of compressed air used for agitation can still 
be recovered from the existing compressed air network which will be 
operating at a lower pressure. The pressure on this network can then 
fluctuate between set points without adversely affecting the more 
sensitive pneumatically operated equipment of the plant.

Although an extra compressor is added to the compressed air 
network, the sum of the resulting actual energy usage of all the com-
pressors will still be lower than before the pressure was decreased. 
This is possible since the plant compressor can be installed close to 
the equipment in the plant and thus reduces line friction losses and 
air leaks.

It is a difficult task to dehumidify the large volumes of air supplied 
by the compressors on a compressed air network. As a result this 
air has a high moisture content that is not ideal for the pneumatic 
equipment on the demand side of the network. The moisture damages 
seals and causes corrosion.

In the case of the smaller dedicated compressors, air dryers 
can be installed to remove moisture from the compressed air. This 
prolongs the life and increases the periods between maintenance on 
the process plant’s pneumatic equipment connected to that network. 
It is relatively simple to install a dedicated compressor at a process 
plant. 

These compressors are readily available as standalone units that 
can be placed on any solid and flat surface. A relatively short length 
of pipe is required to connect this compressor with the compressed 
air network. The power to the compressor can be supplied from any 

NL x (T
i
 + 273) x P1/Pi

 x C1 x C2 x Cd x πD2/4

C3 x  √T1 + 273
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The energy savings that will result from these initiatives was simu-
lated and tested on several occasions. As mentioned previously, each 
14 kPa decrease in pressure will result in a 1% decrease in energy 
consumption. Thus with an 80 kPa pressure decrease a 5,7% decrease 
in energy consumption is expected. This will result in an expected 
average power saving of 807 kW. This excludes saving resulting from 
decreased line losses and leaks.

The project’s baseline is averaging at 14,1 MW as shown in 
Figure 4. The simulated and test results indicates an average saving 
of 1 MW. The additional 200 kW saving can thus be contributed to 
decreased line losses and leaks. According to the specification a 160 
kW plant compressor would be sufficient to supply this specific gold 
plant with compressed air at 500 kPa.

Figure 4: Energy savings.

If the new dedicated compressor’s energy consumption (160 kW) is 
added to the expected new energy profile of the existing compressors 
(13,1 MW), the expected savings will be an average energy efficiency 
saving of 20,2 MWh per day. Installing a dedicated compressor of this 
size (160 kW) will cost on average R900 000. However, if 20,2 MWh of 
energy can be saved every day, the compressor will be paid back out 
of electricity cost savings in three months. This calculation was made 
using the 2012/13 Eskom Mega Flex Tariff structure [5].

Conclusion

Compressors in the industry consume a large percentage of total elec-
trical energy used by the mines. By implementing projects that focus 
on reducing the supply pressures to equipment that require relatively 
low operating pressures, energy savings, albeit small, are possible. 

The initiative to install dedicated compressors at process plants 
is feasible and cost effective. It is possible to payback the cost of the 
compressor installation within a couple of months if it is implemented 
on a compressed air network similar to the network of this case study.

This case study demonstrates that when the compressed air net-
work supply pressure can be reduced, energy savings can be achieved.

suitable MCC (Motor Control Centre).Installation can be done by any 
qualified artisan.

Case study

Several simulations and tests were carried out on a case study that 
is presently in implementation. On this site the gold plant requires a 
constant high pressure of 500 kPa. The entire compressed air network, 
that includes two mining shafts, must be supplied at this pressure to 
ensure the plant receives a pressure of 500 kPa. Figure 2 is a schematic 
configuration of the site’s compressed air network.

Figure 2: Case study layout.

The air supply to the gold plant can be separated from the main 
compressed air network by installing an independent dedicated 
high pressure compressor with its own air drier. The pneumatically 
operated equipment of the rest of this network require a reduced a 
pressure. The pressure supply from the main compressors can be 
set to deliver 420 kPa which is a reduction of 16% from the original 
500 kPa set point. Figure 3 shows the original and modified pressure 
profiles for this compressed air network.

Figure 3: Pressure profiles.
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