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South African coal users are faced with some additional combustion 
problems that are associated with the unique nature of our coals, the 
effects of which have now been recorded. Combustion optimisation 
can only be achieved through visualisation and measurement of 
combustion characteristics, combined with an understanding of 
the composition and characteristics of South African coals.

As the world’s coal resources diminish and environmental issues 
become critical, it is extremely important that the combustion 
of this valuable fossil fuel is optimised to reduce worldwide 

consumption and atmospheric emissions. 
South African (SA) coals generally, and all Gondwana coals in par-

ticular, have organic materials in them (ie macerals) that do not occur 
at all in the well-known northern hemisphere coalfields. SA coals have 
some reactive materials (vitrinite macerals) like the northern coalfields 
but also have very high proportions of less-reactive or non-reactive 
organic materials (inertinite macerals). 

The coals in the northern countries and other parts of the world 
are composed predominantly of vitrinitic reactive materials (80 - 90%) 
which burn at the usual 1 200 to 1 400ºC. We have an average of 
20 - 25% of those reactive materials but also have 75 - 80% of the 
inertinite materials which burn at between 1 400 and 1 700ºC. The 
reason for the different proportions is in the origin of the coals – 
namely, climate and the conditions in which the original vegetable 
matter accumulated [1]. 

The undesirable characteristics of SA coals are that they burn at 
high temperatures, are harder to ignite and take longer to burn out. 

Energy efficiency encompasses many disciplines and includes any 
reduction in any form of energy usage. In the past, very little attention 
has been paid to the optimisation of coal-fired combustion processes 
because of the low cost and abundance of the resource. This article 
deals with combustion optimisation of SA coals with specific reference 
to the unique properties of those coals and their role in the optimisa-
tion process.

Problems with burning South African coals
Most coal-fired boilers, furnaces and kilns currently in use in SA were 
designed and built to burn standard northern-hemisphere coals. When 
good-quality coal was plentiful, the undesirable characteristics of SA 
coals were generally not too serious in most applications, but as the 
export markets expanded, the high-quality SA coals have been allocated 
to that sector leaving only the low-quality coals for local users. The main 
problems with burning low-quality SA coals are:
•	 High-temperature	combustion	with	coal-beds,	flames	and	fireballs	

reaching temperatures up to 1 750ºC. Depending on the process, 
this can result in burnt grates, thermal damage to boiler tubes and 
refractory walls as well as an off-spec product.

•	 Difficulty	in	igniting	the	fuel	and	maintaining	the	flame	which	can	
result	in	flame-outs.

•	 Delayed	or	extended	combustion:	This	phenomenon	can	result	in	
a wide range of problems such as unbalanced fireballs, extended 
flames,	 un-burnt	 fuel	 and	 an	 off-spec	 product.	 The	 problem	 is	
exacerbated by the fact that high temperature combustion zones 
can	extend	into	heat	exchangers	and	even	flues,	causing	thermal	
damage	and	wasted	heat	in	the	flue	gases,	thus	increasing	mainte-
nance and running costs as well as seriously reducing the efficiency 
of the plant.

•	 Increased	 clinker	 formation	 associated	 with	 high-temperature	
combustion and high ash content.

•	 Increased	NOx	emissions.	The	formation	of	NOx	from	the	combi-
nation of nitrogen in the air and excess oxygen in the combustion 
gases is temperature-related and these gaseous emissions increase 
proportionately with temperature.

Combustion optimisation
Combustion optimisation is generally desirable but becomes essential 
where specific problems such as those described are encountered. 
Standard operating procedures may not adequately deal with such 
issues that are associated with the unique characteristics of SA coals 
and could lead to reduced efficiency, increased maintenance, off-spec 
product and increased emissions. There are no general rules for combus-
tion	optimisation;	each	application	is	case-specific.	However,	monitoring	
of specific parameters and visualisation of the combustion zone are 
essential tools for optimisation especially when used in conjunction 
with an understanding of the combustion characteristics of the fuel. 
Some measurement techniques and technologies are described below:

Excess oxygen
No	 combustion	 process	 can	 be	 optimised	 without	 the	 continuous	
measurement	of	excess	oxygen	in	the	flue	gases.	This	is	an	essential	
tool for the operators as it assists in ensuring that all the fuel is burned 
with minimal heat loss due to too much excess air. This is generally 
achieved	by	installing	an	in-situ	O2	analyser	in	the	flue	duct,	normally	
one that uses Zirconia cell technology such as the Ametek Thermox 
WDG-1200 series. The optimal excess air requirement for coal is in the 
region of 4 – 6%, depending on load and other factors.

Combustibles
Where oxygen measurements are unreliable due to ingress air, and 
when optimisation is critical, it is necessary to measure the ‘combus-
tibles’	in	the	flue	gases,	which	effectively	means	the	level	of	unburned	
fuel in the gases. ‘Combustibles’ means any material that can burn 
and	can	include	CH4,	H2 and unburned carbon, and is generally meas-
ured with electrochemical cell technology. The normal level may be  
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100 - 250 ppm but that figure rises exponentially when insufficient 
excess air is present and generally materialises as smoke. When com-
bined with excess air levels, the ‘combustibles’ measurement allows 
the user to operate as close as possible to stoichio-metric combustion 
as indicated in Figure 1. These measurements can be made with one 
in-situ analyser such as the Ametek Thermox WDG-IVC that combines 
Zirconia and electrochemical cell technology.

Figure 1: Optimum excess air setting for combustion process.

Temperature
In view of the problems associated with the nature and characteristics 
of South African coal as described, it is often necessary to visualise the 
process and accurately measure the temperature profile of the combus-
tion zone. Some reasons and benefits are as follows:
•	 Temperature	profiling	allows	the	operator	to	ensure	that	the	fireball	

in a pulverised coal furnace is balanced. Although the operator may 
not be able to control the high temperatures, he or she can ensure 
that those temperatures do not cause thermal damage to the heat 
exchangers or refractory lining by using controls that are specific 
to the process to position the fireball.

•	 Temperature	profiling	identifies	and	measures	the	high	temperatures	
associated with the combustion characteristics of SA coal as indi-
cated in Figure 2, where the fireball temperature exceeds 1 700ºC. 
Figure 3 shows a similar fireball from a European coal where the 
temperature is around 1 400ºC. This measurement allows the opera-
tor to refine the operating procedure to take account of the effect 
of the high temperatures and the delayed or extended combustion.

Figure 2: Temperature profile of utility boiler fireball burning SA coal.

Figure 3: Temperature profile of utility boiler fireball burning European coal.

•	 Temperature	profiling	can	give	an	early	indication	of	a	boiler	tube	
leak by identifying cold spots in the fireball or combustion zone 
around the heat exchangers (see Figure 4).

Figure 4: Temperature profile of utility boiler fireball showing boiler tube 
leakage.

•	 Video	and	thermal	analysis	can	identify	clinker	and	product	build-up	
that are typical of high-temperature combustion.

•	 Temperature	measurement	can	provide	an	insight	into	the	com-
bustion characteristics on a coal bed such as in grate-fired boilers 
and	furnaces.	Hot-spots	can	be	identified	thus	minimising	thermal	
damage to the grate, and coal bed fire distribution can be monitored 
and controlled by a skilled operator.

•	 The	combustion	of	poor	quality	coal	on	a	bed	or	grate	often	results	
in high-temperature fireballs above the bed that can extend into the 
heat exchangers and other areas where they can cause thermal 
damage. Temperature profiling provides a tool for the skilled opera-
tor to monitor and control this phenomenon thus reducing thermal 
damage and increasing efficiency.

•	 Direct	 temperature	 measurement	 can	 assist	 the	 operator	 in	
controlling product temperature, for example, in cement and lime 
kilns. This measurement can allow the operator to minimise fuel 
consumption and product rejection resulting from over- or under-
firing (see Figure 5).



80 ENERGY EFFICIENCY MADE SIMPLE  November  2012

Figure 5: Temperature profile and video image inside a rotary kiln.

•	 Hot	spot	detection	inside	a	rotary	kiln	can	help	to	prevent	damage	
to refractory linings.

•	 In	any	situation	where	variable	quality	fuel	can	result	in	reduced	
efficiency, thermal damage and/or inferior product, thermal profiling 
is an essential tool.

 Instruments such as the Durag D-VTA 200 video/thermography 
system are invaluable tools in combustion optimisation.

Coal handling and bed profiles
One	of	the	most	neglected	areas	affecting	the	combustion	efficiency	
of chain grate and spreader boilers is the effective distribution of coal 
on the bed. Physical/gravitational separation of the coal peas and fine 
particles can occur at the delivery site, in storage bunkers, in overhead 
hoppers and in boiler bunkers. The peas and the fines undergo separa-
tion at each point, frequently resulting in coal layering on the bed. This 
has a seriously detrimental effect on the air distribution through the 
coal bed and can create hot- and cold spots. This phenomenon will 
result in clinker build-up on the grate and side walls, cause damage to 
the side seals and spreader as well as being the main cause of front 
wall burn-outs. It also dramatically reduces the efficiency of the boiler.

The problems of poor coal distribution can be minimised or over-
come by bed-proofing in the various storage, bunkering and boiler coal 
feed systems and most often results in increased efficiency.

Pulverised fuel particle size and flow
Most Power Factor (PF) fired boilers have multiple burners on several 
levels, each level being fed by a different mill. The particle size and 
flow	of	this	fuel	needs	to	be	balanced	so	that	the	correct	fireball	profile	
is maintained to maximise efficiency and minimise thermal damage.

In	order	to	ensure	that	both	the	PF	particle	size	and	flow	is	consist-
ent with the boiler specifications, it is necessary to frequently monitor 
those parameters in each pipe. This can be done effectively with PF 
samplers such as the M & W PF-A-S, which meets the appropriate 
ISO	standards.

Coal quality
Many coal combustion problems in SA are exacerbated by variable fuel 

quality, especially when the coal is sourced from different suppliers, 
mines and even seams. Mixed grades are often not well mixed, which 
inevitably results in dramatically different combustion characteristics 
within the relevant combustion zone causing hot- and cold-spots. 
Standard analyses such as CV, ash content and moisture content do 
not provide all the information required for quality control and consist-
ency of supply. If in any doubt, the user/operator should consult with 
a combustion consultant who can assist with coal sampling, analyses 
and interpretation, which will at least ensure that users get the grades 
of coal that they order and pay for.

Conclusion
SA coal users have very little choice but to use inferior coals that are 
often not suitable for achieving optimal results in specific applications, 
including power and steam boilers, grate-fired boilers and furnaces, 
waste furnaces and rotary kilns.

Optimisation	of	coal-based	combustion	processes	can	no	longer	
be achieved through the simple application of manufacturer’s operating 
instructions	that	were	based	on	burning	high	quality	coal.	Operators	
need to understand the unique combustion characteristics of SA coals 
and combine this with on-line monitoring that will enable them to use 
specific boiler control strategies in order to optimise their processes.
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