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The impact of the addition of renewable energy technologies into 
the South African energy mix will be dampened if the existing 
coal-fired power stations that that make up the bulk of the current 
generating capacity do not operate optimally. Clean heat exchanger 
surfaces within the boiler are crucial for maintaining the original 
design boiler efficiency. Effective boiler cleaning technologies are 
required to achieve this, at the same time safeguarding the current 
base load coal generation on South Africa’s national electricity grid.

The existing coal-fired stations form the backbone of the current 
electricity generating capacity in South Africa and it is vital that 
the stations are maintained close to the original efficiency design 

specification. In other words, get full value for the coal that is purchased 
and burned within the furnace of the boilers.

There is a major drive towards renewable energies throughout 
the world, and the projection for the South African power market is 
no different, as 17 800 MW of new generating capacity to be installed 
between now and 2030 is proposed to be from renewable sources [1]. 
The planned installation of renewable energy capacity accounts for three 
times the new coal capacity planned to be installed up to 2030. It is clear 
that the major drive is to move away from coal powered generating 
capacity. Renewable sources like wind and solar are unlikely to serve 
South Africa’s base-load needs, emphasising the importance of current 
coal-fired power stations.

Given that the bulk of South Africa’s generating capacity is powered 
by coal, coal still has a significant role to play in the generation of elec-
tricity and this will continue for at least the next 50 years. As the age 
of the coal generating fleet increases, the maintenance requirements 
also increase. Unlike a motor vehicle, it cannot be traded in after three 
years or 100 000 km for a brand new model in the knowledge that 
the maintenance costs are going to increase as the asset ages. If the 
generating load factors are increased, the maintenance requirements 
increase further. If the fuel quality decreases, the maintenance require-
ment will increase even further.

The condition of a generating plant will have a large influence on 
the total efficiency of the plant. For example, as the boiler ages, it will 
move further away from the original design and manufactured condi-
tion and the efficiency will decrease. Imagine a scenario whereby the 
existing coal-fired stations, that make up a total generating capacity 
approaching 35 000 MW [2], were operating at an average of 0,5% less 
than design efficiency, this would equal 0,5% of 35 000 MW - a total of  
175 MW - in capacity lost due to inefficiency. Half a percent may appear 
to be an inconsequential amount of efficiency lost - however, across 
an entire generating fleet this equates to one hundred and fifteen  
1,5 MW wind turbines that provide no net-additional input to generating 
capacity once installed. That is substantial. Increased emphasis needs 
to be placed on getting the original design capacity from the existing 

installed plants, both through operating means and maintenance means, 
as it otherwise negates the full advantage of the new installations. As 
an added bonus, increased efficiency also means lower emissions.

Means to improved boiler efficiency
This article focuses on the operational boiler and adjustments that can 
be made to the operational factors that influence the efficiency of the 
boiler in an effort to improve the net output. There are many ageing-
related and maintenance-related factors that will decrease the ability 
of a boiler to operate to design parameters. This article is based on 
terms and processes belonging to large scale coal-fired power boilers, 
however, the fundamental principles will cover the range of boilers from 
small package boilers to 130 m tall power boilers and a wider range of 
fuels. Some basic rules include the following:
•	 Leaking	 water,	 steam	 or	 air	 cause	 a	 loss	 and	 leaks	 should	 be	

repaired.
•	 Leaky	and	faulty	equipment	should	be	an	abnormal	occurrence,	

not an accepted norm.
•	 The	plant	should	be	checked	regularly	to	confirm	that	it	functions	

correctly.
•	 Instrumentation	and	feedback	mechanisms	should	be	in	place	so	

that plant performance confirmation can take place.

The basic theory behind a boiler is simple. Add heat to water and 
generate steam. As the complexity of a boiler system increases, the 
theory gets less simple and it becomes critical that the correct amount 
of heat is added for the amount of water present in order to generate 
the correct amount of steam at the correct pressure and temperature. 
Ultimately, the entire generation process is one great energy balance 
and, as such, heat needs to be transferred to the correct point at the 
correct rate. To achieve this, requires that systems are controlled in an 
effective manner across a number of different control loops. Most of 
the control systems currently in operation on South African boilers do 
not have online intelligence that caters for major variations in operating 
conditions. They rely on a base-line condition in order to operate effec-
tively. This base-line is a clean or relatively clean furnace and boiler and 
a relatively constant fuel supply. Deviations from the base line would 
typically be indicated by the following symptoms: 
•	 Unburnt	carbon	in	the	ash
•	 Excessive	fouling	or	clinkers	in	the	boiler
•	 A	change	of	flue	gas	temperatures	exiting	the	furnace	and	the	stack
•	 High	spraywater	flows

Unburnt carbon in the ash
This is a parameter that should always be measured according to an 
original reference and has one of the most obvious influences on boiler 
efficiency as it is combustible fuel that has not been burnt and consti-
tutes a direct waste. As all items contributing to boiler performance, it 
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has many possible contributing factors that relate mainly to the firing 
systems (fuel and air control and distribution) and the quality of the 
fuel, both the fuel supply to the plant and supply to the firing system. 
Furnace condition and ensuring that the fuel and air enter the furnace 
unrestricted are the first steps in meeting firing system targets.

Excessive fouling and clinkers 
Fouling has a major influence on the heat transfer within a boiler. Fouling 
is normal as burning coal will produce ash and ash at high temperatures, 
as experienced within a furnace, will be molten at a stage and adhere 
to the comparatively cold heat exchanger surfaces that it comes into 
contact with. If the build-up is not removed, excessive fouling and 
sintered clinkers can result, exposing the risk of mechanical damage 
due to falling clinkers, flue gas stream blockages and rapidly decreasing 
heat exchange from the heat transfer surfaces.

High flue gas temperature losses
High flue gas temperatures are a clear indication that effective heat 
transfer is not taking place. Most common reasons for this are dirty 
heat transfer surfaces or coal with a long burn out time. High flue gas 
temperatures leaving the furnace will not necessarily represent a loss 
but they will cause long term and possibly even short term overheat-
ing of heat exchanger tubes. High flue gases temperatures leaving the 
stack represent a loss in unutilised energy.

High spray water flows
The steam within a boiler system is controlled to specific pressure and 
temperature parameters. In order to control this, the steam within the 
system is typically heated slightly more than required prior to being 
attemperated to the correct temperature in order to retain the element 
of control required for the final steam conditions. High spray water 
flows are typically due to poor heat transfer in the boiler as a result of 
fouling of heat exchanger surfaces. Spraying excessive ‘cold’ water to 
cool the steam is not desired as it is a loss.

Boiler cleaning
The four parameters discussed above have a common requirement in 
order to minimise the effect or preferably eliminate the influence thereof 
- namely heat exchanger cleanliness. If heat exchanger cleanliness can 
be ensured, the boiler moves towards the design condition, and as a 
result, toward the original, design efficiency. Heat exchanger cleanliness 
should not be too difficult to achieve as most boilers are designed to be 
equipped with cleaning equipment, typically in the form of sootblowers 
that tap off steam from the system and use the steam to clean the 
tubes. It must be noted however, that current operating parameters 
may very well have moved away from original design conditions and 
that the original cleaning system design may no longer be valid.

Using boiler cleaning equipment is regarded as a necessary evil. It 
does not produce anything as it taps off steam that could be used to 
generate power. If not operated, maintained or set-up correctly it can 
do damage to the heat exchanger surfaces it is designed to maintain. 
For this reason, it is often considered a risk to operate and is not oper-

ated regularly and effectively. However, failure to run a boiler cleaning 
system can cause a boiler to shut down within a few weeks and as 
such the importance of boiler cleaning should not be under-estimated.

There are a number of different variations of boiler cleaning devices 
and products that can be utilised. They all work on the principle of get-
ting the cleaning medium (typically steam) to a particular position inside 
the boiler that requires cleaning, which can be quite challenging when 
faced with a cavity reaching 14 metres into a 1 200oC	furnace.	Long	
retractable sootblowers are most effective for convective areas of the 
boilers, short stroke sootblowers and more recently, water cannons, 
are used to clean furnace areas.

The theory of operation of sootblowers is quite simple but like most 
engineering fields, the difficulty is in the subtleties of design such as 
the placement on the boiler, operating steam pressure, nozzle design, 
minimising the deflection of the lance whilst ensuring basic reliability. 
Optimising the boiler cleaning equipment will go a long way to minimis-
ing boiler losses and thus increasing the efficiency of operating plant 
and regaining the 0,5% of efficiency. 

Conclusion
The introduction focused on the emphasis currently placed on the re-
newable energy projects within South Africa and that they are seen as 
the	way	forward.	Waking	up	in	the	coal	smog	of	Witbank/	Emalahleni	
on a Winter’s morning leaves no doubt of the benefits of renewable 
energy but it must be understood that even with the massive renew-
able installation and investment of 17 800 MW by 2030, the renew-
able portion will still only be equivalent to 50% of 2010 installed coal 
capacity. Coal will form the basis of the South African energy mix for 
many years into the future. 

The main aim of renewable energy technology is to reduce reliance 
on fossil fuels and reduce harmful emissions from these fuels. Imple-
mentation of renewable capacity needs to be carried out for the correct 
environmental reasons and not for political targets. The only way this 
can be achieved is by ensuring that the older coal-fired power stations 
operate at design efficiency. Operating the current coal-fired stations 
below design efficiency can lead to a position where an assumed  
175 MW of renewable energy can be installed and connected to the grid 
without any increase in net electricity output and with zero emission 
reduction from bringing the renewable generation online. 

Maintaining boiler efficiency can only be achieved through effective 
monitoring of numerous boiler parameters and ensuring that the heat 
exchanger surfaces remain clean. The most effective way to implement 
this is through effective boiler cleaning. 
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