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South Africa has experienced multifaceted changes, influenced 
partly by the new dispensation, policy and legislation, and partly 
by the ingress of international competition with the opening up 
of South African markets to global players. The advent of these 
changes has seen major opportunities evolve within the local and 
global marketplace.

One of the aspects highlighted by the market globalisation trend 
is that South African companies, particularly in the manufactur-
ing industry, are not operating optimally from a business op-

erational point of view in terms of energy efficient plant and processes. 
The reason for this is that many of the large industries operated under 
the protection of the previous regime (pre-1994) and energy costs in 
South Africa were recognised as being among the lowest in the world 
due to the low cost of generation. 

Eskom, South Africa’s main electricity supply utility, has a generat-
ing capacity of in excess of 44 Giga-Watt peak. Eighty percent of South 
Africa’s electrical energy is produced by means of coal-fired power 
stations (pulverised fuel stations) and the balance is generated by 
hydro-plant, pumped energy storage and a nuclear station. 

One of the reasons for the low cost of generation is that power 
stations are built directly on top of, or in close proximity to, the actual 
coal resources - thus transportation of coal is not significant and does 
not constitute high cost. 

Due to this low cost of electrical energy, industry has not tradi-
tionally focused heavily on the efficiency of plant or processes. It is 
also true that the imposition of sanctions on South Africa during the 
‘apartheid’ political system caused many processes to be inefficient 
as the technology applied was often obsolete or aged. In addition, the 
ingress of low-cost international products identified the dire need for 
us as a country to focus on process and plant in an effort to optimise 
and remain competitive in the local marketplace. 

It was really the advent of load shedding and the mass blackouts – 
experienced for the first time in South Africa towards the end of 2007, 
early 2008, due to Eskom’s network and system capacity constraints – 
that highlighted the need for the country to look more seriously at energy 
efficiency across all sectors. Load-shedding implementation was seen 
as a necessary means of stabilising the national grid and the plan was to 
continue with this until the new build programme was completed. This 
capacity shortfall also saw the introduction of the Power Conservation 
Programme (PCP), which called for a sustained national load reduction 
of 3 000 MW within industry over a four year period in order to avert 
further load shedding; the effects of which were - and are - negative to 
the economy and national growth (direct impact on GDP). Fortunately, 
neither of these initiatives was implemented for very long as Eskom 

managed to get the network and systems under control. Neverthe-
less, demand is still expected to outstrip supply with the situation only 
marginally improving after 2015 as shown in Figure 1. This is due to 
the time-lag required to build new power plant as well as ageing power 
plants that are rapidly approaching their full life expectancy. The utility 
is thus faced with the following options: Increase the supply capacity 
by investing in new power plant or put in measures to decrease the 
demand by effective demand management measures. As Eskom has 
an immediate capacity shortfall, both scenarios are currently being 
addressed. These solutions are necessary to ensure a combination of 
long and short term strategies in dealing with the current energy crisis.

Figure 1: Supply and demand projections 2010 to 2016.

It is extremely important, therefore, that suitable mechanisms are con-
stantly developed and investigated to ensure that the reserve margins 
remain manageable in the short, medium and long terms. Presently, 
much of power management involves Demand Market Participation 
(DMP) from industry or power supplemented by the use of high cost 
peaking power stations including Open Cycle Gas Turbines (OCGTs), 
which are not sustainable for the country in the long term. It is neces-
sary to consider more cost effective approaches to reducing the overall 
power usage that will lower the overall impact on industry and ultimately 
the nation’s economy.

The concept of sustainable energy is to use and implement energy 
efficient solutions in industry that will ensure that the energy require-
ments of all plant and process can be met in an optimal way by using 
less energy to achieve the designed or desired output. If energy is 
utilised in a more efficient way we can ensure that we can meet the 
energy needs of future generations in a sustainable manner. Sustainable 
energy has traditionally been thought of as the application of renewable 
energy for power generation only - and not plant and process optimisa-
tion that includes the use of more efficient technologies, optimisation 
techniques and mechanisms with the sole aim of reducing the energy 
intensities. Hence, to ensure that we provide a sustainable environment 
for reducing energy consumption, energy conservation and energy 
efficiency have to be applied. Energy efficiency is considered to be 
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a key driver in reducing the overall power requirement of plant and 
process from all processes or aspects of the plant including chemical 
and waste, thermal, mechanical and electrical. The more efficient the 
plant becomes, the less energy will be required.

Process optimisation
The first basic step in any optimisation strategy is to look at the plant 
and the processes surrounding the plant that contribute to the delivery 
of product or output. Focus on ‘What’, ‘Why’, ‘When’ and ‘How’ things 
are done which ‘leads to’ producing the desired output and the associ-
ated impact on outcome.
•	 What	needs	to	be	done?
•	 Why	does	it	need	to	be	done	in	that	particular	way?
•	 When	does	it	have	to	occur?
•	 How	does	it	occur?
•	 Leads	to	impact	of	actions

Duty cycling
Plant and process optimisation as a result of appropriate cycling of plant 
and machinery when required:
•	 Only	 run	plant	when	 required	and	also	 for	 set	durations	as	per	

output requirements (obviously plant with continuous duty cycle 
requirements will not be subject to cycling).

Bulk and desegregated consumption monitoring 
•	 Power	factor	correction	equipment	should	be	installed	where	feasi-

ble to increase efficiency of plant. Strive for a power factor of >0,96.
•	 Plant	engineers	need	to	get	a	handle	on	the	actual	costs	associated	

with each aspect of their plant and processes.
•	 Monitoring	equipment	needs	to	be	installed	at	bulk	feeder	level	(all	

energy forms, electricity, gas, oil, coal, etc) and also desegregated 
to the various individual process or production line. 

•	 The	 desegregated	 loads	 can	 be	 summated	 to	 bulk	 and	 various	
lines or processes can be compared to each other to ascertain any 
abnormalities and track energy flows and intensities.

This basic process will enable the optimisation of plant and process at 
very little cost to the end-user. All the inefficiencies related to process 
can be identified and rooted out, commonly known as the ‘low hang-
ing fruit’, and can constitute in the order of 5 - 10% energy savings. 
Once energy streams or intensities are measured and quantified, a 
more in-depth approach is required to focus on existing technologies, 
their optimisation and replacement thereof. Typical large consumption 
areas include: 

Motors and pumps
•	 Regular	maintenance	of	motors	in	plant.
•	 Correct	motor	alignment	to	gearboxes	and	external	machinery.
•	 Correct	belt	tension	and	if	multiple	belt	application	ensure	all	belts	

are exactly the same size (groove width and depth and equal in 
diameter).

•	 Ensure	correct	pulley	diameters	for	application	on	both	driver	and	
driven.

•	 Replacement	of	motors	that	are	mismatched	to	load.

o Undersized motors can draw excessive power and will  
 ultimately burn out if not replaced.
 o Inversely many motors are replaced on production lines with  

 motors of higher output capacity to maintain productivity  
 should a motor of the correct size not be available at the  
 time. Motors need to be checked throughout the plant to   
 ensure that they are as per original specification and duty  
 cycle.

•	 VSD	applications	can	replace	asynchronous	motors	for	application	
on conveyors. Although initial capital cost is high, the replacement 
can be justified by the extended life of the conveyor system – ie the 
soft starting and stopping of conveyor under load will increase the 
lifecycle of the belts, guides and castors tenfold reducing overall 
maintenance costs, which can be offset against purchase price.

Lighting systems and luminaires
The lighting requirements in much of South African industry are gener-
ally of a continuous nature (twenty-four hour, seven days a week).There 
is therefore significant opportunity to achieve energy savings on lighting 
systems and luminaires by installing new, efficient technologies and  
using energy efficiency techniques and best practice. These include:
•	 Better	use	of	natural	light	for	daytime	shifts.
•	 Periodic	maintenance	and	cleaning	of	lights,	diffusers,	etc	to	ensure	

that reasonable lumen output is achieved.
•	 Application	of	more	efficient	lighting	technologies	including	LEDs,	

CFLs, T8 and T5 fluorescent fittings with electronic ballasts instead 
old T12 magnetic ballast systems.

Air compressors
Air compressors are widely used within most industrial sectors. In 
general, compressed air is an expensive commodity and should be 
used sparingly and wisely and only if it can improve production, reduce 
labour or, as in the mining industry, improve safety. Typically the higher 
the pressure required, the more expensive it is to deliver and the more 
energy intensive it becomes. Energy saving opportunities include:
•	 Optimise	all	spheres	of	wastage.
 o Leakages on receiver tanks, pipe-work, valves, taps and  

 couplings.
 o Misuse by staff (blowing off dust from workbenches,  

 floors, etc instead of using a duster for benches and brooms  
 or portable blowers to clean floors).

•	 Initiate	a	leak	detection	programme.
•	 Correct	duty	cycling	of	compressor	system	–	use	on	demand	only.
 o Ensure compressor motor does not operate continuously.
•	 Ensure	all	controls	are	correctly	set	and	maintained,	ie	pressure	

regulators.
•	 Ensure	that	the	compressor	system	installed	matches	the	intended	

load requirement.
 o In many cases compressors are installed for a given load.  

 Over time some of the load becomes obsolete and can mean  
 that the compressor is operating to provide air at a given  
 pressure for a load of less than 40% of the original load require- 
 ment. 
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 o The system needs to be optimised for new load requirements  
 and if it cannot be matched a new compressor need to be  
 installed.

Boilers
A significant amount of energy can be saved by minimising boiler losses. 
There are numerous techniques and methods to ensure that the boiler 
operates as efficiently as possible at all times during production. The 
primary heat losses that occur in a boiler are due to:
•	 Flue	gas	
•	 Losses	from	boiler	heat	distribution	systems
•	 Blow-down	losses
•	 Heat	losses	through	boiler	shell	(radiation)
•	 Ash	losses	(coal	plant)
•	 Fuel	heating	(oil	plant)

Some technical solutions to ensure that the boiler operates more ef-
fectively and efficiently include:
•	 Ensure	proper	burner	adjustments	and	maintain	these	at	all	times.
•	 Check	and	maintain	air-heater	seals	to	ensure	no	leaks	are	evident.
•	 Check	boiler	easing	for	hot	spots	which	can	be	a	safety	issue.
	 o	 Repair	or	replace	damaged	insulation	on	boiler.	
•	 Check	boiler	door	seals	for	leaks	and	replace	if	necessary.
•	 Maintain	and	clean	all	steam	traps	and	replace	damaged	ones.
•	 Calibrate	and	fine	tune	all	control	and	measuring	equipment.
•	 Conduct	blow	down	and	install	blow	down	heat	recovery	system.
•	 Boiler	heat	transfer	capabilities	-	check	flame	temperature,	shape	

and for any fouling on heat transfer surfaces.
•	 Reduce	excess	air	to	boiler	combustion,	align	to	optimal	combustion	

specification.
•	 Monitor	flue	gas	heat	losses	–	keep	flue	gas	temperature	as	low	

as possible.
•	 Investigate	possibility	of	flue	gas	economiser	installation.

Technologies are evolving all the time and end-users should constantly 
re-evaluate their plant to ensure that they have the optimal processes 
for their production or manufacturing. Obviously, decisions for capital 
replacement would need to be determined by return on investment or 
output quality improvement. A number of new generation technologies 
are emerging globally, in particular, green technologies that address 
global economies and focus on sustainable energies that are more 
environmentally acceptable. 

Emerging or horizon technologies
As the energy crisis exemplifies, global stakeholders are continually 
pushing the boundaries to find new innovative solutions for addressing 
the way forward in terms of efficient plant and process for production 
and to ensure the sustainability of the environment for future genera-
tions. There is concerted effort to develop new ‘green’ energy solutions 
suitable for application and implementation in industry. Previously, the 
focus was predominantly on the domestic and commercial sectors. 
However, there are now numerous technologies emerging that are 
suitable for industry and that will result in significant energy savings 
and a brighter and cleaner future. 

Technologies include:
•	 Smart	system	control	of	process	and	energy	intensities	and	usage	

(smart grid infrastructure).
 o Automated ‘real-time’ data from plant and process trans- 

 mitted via bidirectional communication networks and sys- 
 tems to enable up-to-the-minute control of all plant and  
 processes.

 o Energy data from power station through to end product.
 o Alternative and renewable energy integration into main  

 stream process.
•	 Solar	augmentation	for	steam	cycles.
 o The use of concentrated solar systems (parabolic troughs  

 or Fresnel dish systems) to generate steam and feed into  
 steam cycles to reduce energy requirement.

•	 New	generation	electronic	lighting	and	control	systems	and	wider	
application of LEDs.

 o New enhanced systems for lighting control and optimisation  
 and implementation of a range of LEDs that cover a wider  
 application.

•	 Large-scale	photovoltaic	(PV)	power	supplies.
 o Provide power to office blocks for all lighting and peripherals  

 requirements.
	 o	 Use	of	PV	to	supplement	grid	electricity	in	office	blocks	to	 

 provide power for all lighting and office equipment.
•	 Factory	designs,	layouts	and	architecture.
 o New factory building designs that incorporate all aspects  

 of energy efficiency and optimisation by design – correct ori- 
 entation, use of natural light to limit daylight internal  
 lighting requirements, use of solar water heating, solar Fresnel  
 desiccant cooling systems, geothermal heat pumps for large  
 scale hot water applications, etc.

Conclusion
South Africa will experience network and system power constraints until 
the new generation capacity becomes available from 2015 onwards. 
It is expected that even when the first generating units come online 
we will not be able to meet the national demand with the expected 
growth rate. Since the load shedding of early 2008, demand market 
participation has been employed to reduce demand. However, making 
industry take the leading role in reducing demand is not sustainable in 
the long-term and may have a negative impact on the economy. Demand 
side management and energy efficiency interventions are essential in 
ensuring a sustainable future.
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