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We are largely familiar with the responsibility aspects – we 
have a social responsibility to protect our environment. 
Climate change, ozone layer destruction, acid rain, etc are 

all at least partially caused by our consumption of energy. Saving  
1 kWh of electricity saves approximately 1,29 litres of water and  
0,9 kg of carbon dioxide.

When looking at sustainability and economics, we should con-
sider the recent changes in the price of energy. Ask yourself this: Can 
your company sustain a 25% increase in energy costs year-on-year? 
If so, for how long can this be sustained? Even though Eskom’s 
Multi Year Price Determination 3 has not yet been released, leaving 
us uncertain about the price of energy beyond 2013, one thing is for 
certain – the price increases will be well above inflation for many 
more years to come. Table 1 shows the effect of the recent electricity 
price increases from 2010 to 2013.

Table 1: Average South African Energy Prices and Increases.

The more electricity we consume, the more Eskom has to generate. 
Adding generation capacity to the network is expensive and time-
consuming, with the consumer suffering in the short term and in the 
longer term. Electricity price hikes, rolling blackouts and denial of 
applications for increased power supply being rejected are some of 
the ways in which the whole country suffers economically. 

Energy (in terms of generating capacity and cost) is not only a 
South African issue; the cost associated with the use of energy is 
steadily increasing throughout the world. This concern together with 
the very real issue of global climate change has become a major driv-
ing force for energy efficiency, and energy management as a whole.

What about the issue of supply security? As shown in Figure 
1, Eskom does not have sufficient generating capacity to meet the 
energy requirements of our growing economy, and although there 

are some new generation projects in the pipeline, it is still woefully 
insufficient to meet the annual energy demand growth.

 
Figure 1: Eskom Generating Capacity vs Capacity Requirements.

One of the quickest and cheapest solutions to a looming electricity 
crisis is a reduction in demand, which is where initiatives such as 
Eskom’s Demand Side Management (DSM) programme come into 
effect. DSM is not a new concept, it has been active in the United 
States of America since 1960, with South Africa following suit in 2001.

By definition, DSM refers to a process by which electrical utilities, 
in collaboration with consumers, achieve a predictable and sustain-
able change in electricity demand by changing the load-profile (or 
‘load-shape’). This is done by a combination of, for example: peak-
clipping, load-shifting, improved energy efficiency, etc.

These changes are effected through a permanent reduction in 
demand levels (energy efficiency) as well as time related reductions 
in demand levels (load management).

Energy Efficiency: Decrease energy usage without affecting 
production, ie less energy for the same output (this may still present 
an ‘inconvenience factor”). The effect of such initiatives on energy 
demand is shown in Figure 2.

Load Management (load shifting, peak clipping): Changing the 
time of consumption, ie moving load from peak to off-peak times 
while keeping production the same (with regard for ’rebound effects), 
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Energy efficiency is one of the most pertinent topics in the engineering field today, and incorporates several disciplines including electrical, 

mechanical, industrial and environmental – with electrical engineering being perhaps the most obvious. Why should we all be concerned 

about becoming more energy efficient? It boils down to three main reasons – responsibility, sustainability and economics.

“Energy efficiency is crucial to ensure there is enough 

capacity to meet demand as well as to undertake essential 

maintenance and provide a reserve to protect the system.” 

Eskom chief  executive officer, Brian Dames.
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and clipping load during peak times. Load management is usually 
achieved through energy storage systems and load shedding. The 
effect of load management on energy demand is shown in Figure 3.

Figure 2: Energy Efficiency Initiatives

 
Figure 3: Load management initiatives.

DSM is a partial alternative to new Eskom generators, essentially by 
promoting the improved utilisation of current electricity reserves. 
DSM initiatives are far cheaper in terms of capital costs than Eskom 
generators, not to mention quicker (the lead time for a six-pack power 
station is about 10 years!).

Modern trends in the quest for energy efficiency

Real-Time Systems

All energy management initiatives – DSM, Supply Side Manage-
ment, energy efficiency, load management, renewable generation, 
etc – require constant monitoring and targeting in order to achieve 
sustainability. Cutting edge systems go one step further by making 
use of real-time systems for the monitoring and managing of energy.

The use of real-time systems for monitoring, online simulation 
and verification, energy management and intelligent load shedding 
is increasingly becoming the tool of choice for energy management 
professionals.

Real-time systems utilise the system topology (Single Line 
Diagram) and real-time data as inputs into a state estimator and a 
load estimator. The system is continuously simulated based on the 
current configuration and discrepancies that arise are reported to an 
operator, allowing rapid response to events. Desired actions such as 
closing a circuit breaker can be simulated to see if the action would 
cause any unexpected problems (for example closing a breaker may 
introduce circulating currents through paralleled transformers due to 
different tap changer settings). An overview of the basic components 
of a real-time system is shown in Figure 4. Without the use of these 
real-time systems, problems such as these can go unnoticed, causing, 
for example, higher losses, decreased efficiencies, decreased equip-
ment lifespan and increased energy for unchanged production levels.

 
Figure 4: Real-Time system overview.

Modern real-time systems can also incorporate an energy manage-
ment system (the main components of which are highlighted in 
Figure 5), which is capable of controlling various systems in order 
to optimise desired parameters, for example:
•	 Auto	Control	Overload,	OverVoltage	and	UnderVoltage
•	 Auto	Control	Generation,	LTC,	Shunt	Capacitor
•	 Generation	MW	and	MVAr	averaging	with	$	constraints
•	 Minimise	system	losses
•	 Peak	shaving
•	 Minimise	MVAr	and	power	factor	penalties
•	 Active	inhibition	and	permissive	control	of	load	and	generation
•	 Optimise	spin	reserve
•	 Maximise	voltage	security	index

The ultimate goal of the energy management system is:
•	 Reduce	energy	costs
•	 ReducePeak	MWh	costs
•	 Reduce	Mvar	/	power	factor	penalties
•	 Improve	system	operation	and	stability
•	 Increase	equipment	lifetime
•	 Increase	system	capacity

Figure 5: EMS in Real-Time.

Energy storage systems

One of the latest trends in the field of energy management involves 
energy storage systems. Energy storage systems complement 
generation by converting ‘real time’ to ‘on demand’ electricity. 
Energy storage systems are charged during off-peak periods (when 
electricity is both cheap and relatively ‘clean’ due to the improved 
efficiency compared to peak period energy production) as well as 
with renewable sources of energy such as solar, wind, biomass, etc 
(when available).
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Stored energy can then be used for peak shaving or load levelling, 
improving economics by better balancing production and consump-
tion of electricity. In some cases excess energy can be sold back into 
the grid, with real-time monitoring systems able to make use of Time 
of Use (TOU) tariff structures when selling back into the grid.

Renewable Energy

South Africa has been blessed with abundant sources of coal, making 
coal-fired thermal power stations the natural choice for large scale 
generation. Figure 6 shows the South African power generation mix, 
with the vast majority of power coming from thermal power stations 
(mainly coal). We are currently taking our very first tentative steps 
towards integrating renewable energy into the mix with the Integrated 
Resource	Plan	(IRP2010).

Figure 6: South African Power Generation Mix (2004).

Geo-thermal,	 solar,	 wind,	 wave,	 tidal,	 hydro,	 biomass,	 biofuel…	
Renewable energy sources are varied, and there is no ‘one-size-fits-
all’ solution. Each opportunity has to be evaluated on its own merits 
within the context in which it will be used.

Perhaps	the	most	controversial	source	of	renewable	energy	is	
Photovoltaic	(PV)	Panels.	When	entering	the	realm	of	PV	power	one	
is bombarded with manufacturer’s claims of having the best, most 
efficient	technology.	Mono-crystalline,	Poly-crystalline,	A-Si,	CIGS,	
CdTe... All claim to be superior technology. One needs to be careful 
in selecting the appropriate technology for a particular application 
based on the local conditions, taking into account all the unique 
parameters such as:
•	 Peak	power	and	energy	requirements
•	 Ambient	temperatures
•	 Average	cloud	cover	and	rainfall
•	 Space	constraints
•	 Energy	storage	requirements
•	 Available	infrastructure	(utility	power,	water,	etc)
Borrowing from management theory there are a couple of issues 
that are useful in energy management. This first one is to get buy-in 
from staff as energy management cannot be divorced from human 
behaviour. The approach is to obtain voluntary cooperation (‘going 
beyond the call of duty’) by following the correct process in obtaining 
input from staff which is as follows: Engagement, Explanation and 
Expectation Clarity which instils the view with staff that: ‘My opinion 
counts’. This is taken from the work of Kim and Mauborgne (2003) [1].

Another useful concept is to define an efficiency frontier which 
is the lowest cost efficiency that can be obtained by plotting this ef-
ficiency against the variety within the business and manufacturing 
process Slack (2009) [2].

As energy efficiency directly affects cost efficiency it stands to reason 
that a portion of the above curve on the x-axis is directly as a result 
of energy costs. It thus requires finding the portions of variability 
that directly affects energy costs and then to optimise these energy 
dependent operations.

Conclusion

The key challenge that engineers face when dealing with energy 
management issues is the careful balance between energy efficiency 
and production. With an uncertain future in terms security of supply 
and cost of energy, it is no simple task to find the optimal solution. 
This makes energy management an exciting and evolving field of 
electrical engineering that needs to be rigorously implemented to 
ensure the overall wellbeing of our country’s economy and citizens.
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