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Mine cooling system components are an integral part of a 
mine’s ventilation system. A mine’s reliance on these capital 
intensive components is set to increase as mines deepen. 

Quantifying the effects of management decisions leads to the 
refining of operational procedures, the optimisation of future mainte-
nance, and the subsequent identification of electrical energy savings 
potential without the need for expensive modifications.

The mining industry accounts for 14 % of electricity being sold by 
South Africa’s electricity producer, Eskom [1]. Eskom has appealed 
to businesses and residential users in South Africa to help ‘beat the 
peak’ owing to a ‘tight’ system balance caused by construction delays, 
ongoing maintenance and unplanned outages [2]. Within the mining 
industry, gold mines use approximately 47 % of the industry’s electric-
ity [3]. The extreme depths to which gold mines stretch to reach the 
precious metal results in increased operational costs. 

Cooling accounts for up to a quarter of the total electricity used 
on gold mines in South Africa. The percentage of energy used by 
cooling systems, in particular, is set to increase owing to the rigorous 
cooling demands of deeper mining activities [4].

Demand Side Management (DSM) measures result in a reduction 
in delaying the need for 
new generation capacity. 

Techno log ies  and 
control strategies have 
tremendous potential to 
reduce energy use. Eskom 
has recently reduced its 
industrial DSM funding. It 
is crucial, therefore, that the 
industry investigate other 
opportunities to conserve 
electrical energy with low 
capital outlays. It is envis-
aged that optimising exist-
ing maintenance plans will 
result in significant electri-
cal energy savings. This 
strategy will also ensure 
high equipment efficiency 
and minimise unscheduled 

maintenance caused by equipment failure. Mine personnel often 
do not have the time or the resources to carry out time-consuming 
maintenance and there is a lack of awareness as to the associated 
benefits of maintenance, particularly cost savings.

Overview of mine cooling system

A mine cooling system is an integral part of the mine water reticulation 
system. A typical mine cooling system consists of hot water storage 
dams, pre-cooling towers, pre-cooling dams, Chillers and associated 
condenser cooling towers, Bulk Air Coolers (BACs) and cold water 
storage dams [5]. Pumping and cooling constitute the bulk of the 
energy requirements of a mine’s water network. Energy consumption 
can be reduced by improving the water network design. This can be 
achieved by taking advantage of opportunities to re-use water where 
possible, and by analysing options to minimise pumping, cooling and 
water treatment requirements [6]. The energy required for cooling is 
dependent on the cooling methods used. Mines typically use a com-
bination of pre-cooling towers and refrigeration machines (Chillers) 
to meet the chilled water requirements of the mine.
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Mine cooling systems consume up to a quarter of the electricity used on mines. Component efficiency should be monitored to ensure optimum 

utilisation.

Figure 1: Typical mine cooling system surface layout.
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In a typical mine cooling system (see Figure 1), hot water is pumped 
from underground into a hot water storage dam (A). This hot water 
is then sprayed through pre-cooling towers (B) and stored in a pre-
cooling dam (C) before passing through the evaporator side of the 
Chillers (D). The water is further cooled in the evaporator circuit to 
meet mining requirements. The condenser water is cycled around 
a condenser cooling tower for heat rejection to the atmosphere (E).

The chilled water is stored in a cold water storage dam (F). The 
cold water is sent underground when required (G), or fed to a BAC 
(H). The BAC uses chilled water to cool ambient air which is used for 
underground ventilation.

Chillers can be arranged in series, parallel, or a combination of 
both. Chillers work through evaporative heat transfer, using a refrig-
erant as the cooling agent. When the refrigerant evaporates, heat is 
transferred from the water. After evaporation, the gas is compressed 
and condensed, which requires additional air or water cooling. Chill-
ers usually have high energy consumptions, and require significant 
capital and operating costs as well as specialised maintenance.

Ensuring that controls and instrumentation are calibrated regu-
larly will allow for the efficient operation of refrigeration systems. Key 
Performance Indicators (KPIs) can be used to monitor the performance 
of cooling system components and to provide managers with high 
level indicators on which decisions can be based. The performance of 
the components can be measured based on their respective KPIs – for 
example, coefficient of performance (COP) or efficiency, depending 
on the application. The performance of a Chiller is typically defined 
by its COP, which is defined as the ratio of the Chiller’s cooling output 
and the electrical input [7].

 thermal cooling (kW)
 electrical cooling (kW)

Instrumentation should be accurate and in good working order to 
enable the performance of the cooling system to be assessed and 
faults to be diagnosed timeously.

Performance monitoring tools

Although performance monitoring tools are available on the market, 
the majority do not consider Chiller performance. Similar tools, de-

signed for cooling system components, will prove just as beneficial. 
A good starting point is to monitor the average performance of each 
component daily and plotting it graphically. This enables mine per-
sonnel to identify trends in performance.

Figure 2 is a graphical plot of the COP and power of a typical 
Chiller on a typical mine. The figure shows, as expected, as the power 
usage increases, the COP of the system decreases. This simple graph 
will allow the manager to gain a better understanding of the system, 
and how the performance of the system varies over time.

Figure 2: Graphical plot of a cooling system COP and the corresponding 
power usage.

Trends will show how a process improves or degrades over time. 
Sudden spikes or dips in performance may point to a fault or a 
breakdown in the system. 

Case study

This study focuses on maintenance procedures, which are within 
management control. This is as opposed to the effects of other 
conditions that are not within management control – for example, 
climatic conditions. 

The mine used for the case study utilises four Chillers. Chillers 
1 and 2 are operated in series with each other, and in parallel with 
Chillers 3 and 4. Chillers 1 and 2 were taken out of operation for a 
period of time during the study. The study will therefore focus only 
on Chillers 3 and 4.

Investigations were carried out to assess the impact maintenance 
procedures have on the performance of mine cooling systems. The 
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BAC  – Bulk Air Cooler
COP  – Coefficient Of Performance
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KPI  – Key Performance Indicator
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COP of Chiller 3 was analysed to compare the effects of maintenance. 
The Chillers were taken out of operation for a period of approximately 
fifty days during the study due to strike action by labourers. The Chill-
ers were also cleaned during this period.

Figure 3 illustrates the change in COP of Chiller 3, together with 
the corresponding power consumption before and after cleaning. Its 
average COP increased from 3,5 to 6 after it was cleaned.

 
Figure 3: Graph depicting Chiller 3 COP and corresponding power usage 
before and after maintenance.

Further investigation showed that the mine only had the resources 
available to clean the evaporator tubes of the Chillers. It is expected 
that additional improvements will be realised when the condenser 
tubes are also cleaned.

Optimised maintenance – theoretical study

An investigation was carried out to determine the intervals in between 
maintenance to maximise electrical energy savings. Simulations 
were performed whereby the average annual COP of the Chillers 
were adjusted, thus simulating the overall effect of different clean-
ing schedules. 

A cost benefit analysis was carried out to ascertain whether the 
monetary and electrical energy savings achieved as a result of im-
proved efficiencies outweighed the costs associated with cleaning the 
Chillers. The annual savings realised as a result of these interventions 
are shown in Table 1 and graphically illustrated in Figure 4.

Table 1: Maintenance cost savings.

Cleans
Per

Year

Average 
COP

Efficiency
Savings 

(R)

Maintenance 
costs 
(R)

Total
Savings

(R)

2 3,75 3 136 241 336 000 2 800 241

3 4,25 5 016 660 504 000 4 512 660

4 4,50 5 805 187 672 000 5 133 187

6 4,75 6 513 172 1 008 000 5 505 172

Figure 4: Graphical plot of cost savings per number of cleans.

The findings show that for the mine to realise the greatest electri-
cal and monetary savings, the Chillers should be cleaned six times 
per year. The trend in Figure 4 illustrates the relationship between 
the increase in financial savings compared to the number of cleans 
each year.

It should be noted that it will not be beneficial for the mine to 
clean the Chillers more than six times a year. The additional savings 
of cleaning it more than six times is insignificant compared to the 
increase in cleaning costs.

Cleaning the Chillers six times a year will result in an additional 
annual monetary saving of R 992 512 compared with the current 
schedule of cleaning three times per year. This optimised strategy 
will yield an additional energy saving of 2 700 MWh per year – ap-
proximately 6 % of total energy consumption.

These findings were extrapolated to include twenty of South Af-
rica’s deepest mines. None of the mines analysed had an optimised 
maintenance schedule. 

It can therefore be assumed that the mines would benefit from 
an additional energy savings of up to 6 % with the implementation 
of an optimised maintenance schedule. This saving assumes that 
each mine incurs the same relative costs as the initial study – in 
other words, that in-house labour is used rather than more costly 
contract labour. 

Table 2 shows the total number of Chillers that are in operation 
at the twenty mines, their cooling capacities, and subsequent energy 
consumptions [4]. The potential energy saving is also shown, based 
on a 6 % energy saving.

Table 2: Annual Chiller electrical energy consumption and potential savings 
of twenty South African mines [4].

Number
of sites

Number 
Of

Chillers

Cooling
Capacity 

(kW)

Total energy
Consumption 
(MWh/year)

Potential
Energy Saving

(MWh/year)

20 112 239 090 868 781 52 127

Results show that an electrical energy saving of 52 127 MWh per 
year will be realised with the implementation of an optimised main-
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tenance schedule for all Chillers. This translates into a cost saving of 
R 28 669 850 per year based on Eskom’s 2012/2013 ‘Megaflex’ tariffs [8]. 

Conclusion

Mine cooling systems were identified as an area for improvement 
in performance as well as potential electrical energy savings. Any 
intervention had to be as cost effective as possible due to the finan-
cial constraints currently being faced by mines. It became clear that 
there is the possibility of achieving energy savings by optimising 
the maintenance procedures of cooling system components. Simple 
scatter charts were employed initially. These charts are simple to im-
plement and interpret. Scatter charts allow component performance 
to be monitored and can be used to highlight changes in system 
performance. Mines should consider incorporating the monitoring 
of the cooling system performance into the portfolio of their asset 
optimisation departments, rather than leaving it to foremen.

Analysis of data showed that the COP of the Chillers increased 
between 29 % and 42 % after cleaning. Cleaning of the tubes improves 
heat transfer between the water and the refrigerant. Improved heat 
transfer results in enhanced cooling and decreased compressor 
power usage. In addition, cleaning the tubes of the Chillers leads to 
a marginal increase in water flow rate.

A simulation model was constructed to allow for various scenarios 
to be tested. After quantifying the effects of maintenance procedures, 
investigations were done to establish the frequency with which main-
tenance should be performed to maximise cost savings.

It was found that the mine should clean the Chillers six times 
per year as opposed to the current schedule of three times per year. 
The findings were extrapolated to ascertain what the effect would 
be should South Africa’s biggest mines implement an optimised 
maintenance strategy. An annual conservative electrical saving of 
52 127 MWh is estimated – a cost saving of R 28 669 850.
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