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Industry, by means of monitoring emissions, can optimise 
combustion processes so that energy is conserved in the overall 
production process. 

The benefits of emissions monitoring cannot be ignored. The 
release of harmful emissions into the atmosphere is minimised 
(improved air quality); less fuel is required (conservation of limited 

natural resources); costs are reduced; and profits increased, due to an 
energy efficient combustion process.

What to measure and where to measure
So where do these emissions originate? What exactly do we need to 
measure? How does measuring them lead to a more efficient process?

Combustion processes and harmful gases
Total efficiency can be defined as: The effectiveness of any combustion 
apparatus to convert the internal energy contained in the fuel into heat 
energy for use by the process. Any heat losses, particularly in the flue 
gas, lower the efficiency of the plant. 

Combustion efficiency is the total energy contained per unit of fuel 
minus the energy carried away by the flue gas and unburned fuel exiting 
the stack [1]. Combustion efficiency losses constitute a substantial part 
of overall process efficiency losses. Maximising combustion efficiency 
can be by the ongoing measurement of oxygen and combustibles in the 
flue gas. Almost every industrial plant has a combustion process that 
generates heat by burning solid, liquid or gaseous fuels typically for:
•	 Heating	(heating	plants,	building	heating)
•	 Generation	of	electrical	energy
•	 Generation	of	steam	and	hot	water	for	use	in	process	industries
•	 Manufacturing	certain	materials	(cement,	glass,	ceramics)
•	 Thermal	surface	treatment	of	metallic	parts
•	 Incineration	of	waste	materials	and	residues

These combustion processes result in the emissions of harmful pollut-
ants, collectively called flue gas, which need to be measured.

 
Figure 1: Combustion diagram.

Briefly summarised, too much fuel plus too little air results in unburned 
hydrocarbons, ie a smoking stack. Too little fuel plus too much air results 
in	flue	gas	heat	loss.	Ideally	we	strive	to	employ	just	the	right	amount	
of	air	to	completely	burn	all	fuel.	In	industry,	we	have	seen	that	most	
combustion processes are running with too much air.

Optimum levels are different for every combustion process. Dif-
fering fuel types, or size of burners, for example, are all variables that 
dictate the optimum levels.

Effects of flue gas measurement – case studies done 
on four boilers in South Africa [2]
Very often the personnel who oversee boiler/burner operations are not 
knowledgeable about flue/air ratios that dictate combustion efficiencies. 
Their main responsibility is to maintain a required steam pressure and 
they often do not realise the extent of the inefficient manner at which 
they are operating the combustion process. Coal is typically the main 
combustion fuel in South Africa. The following four case studies were 
conducted on coal boilers.

Company A in Ladysmith, KwaZulu-Natal: 9 ton boiler

Gas/	object	measured Initial	reading (Improved)	reading	
after	boiler	adjustments

O2 14% 9,3%

CO2 6,2% 10,1%

CO 1173 PPM 378 PPM

Carbon in ash 16,1% 15,5%

Coal to steam 1/7,4 tons 1/7,8 tons

Flue gas losses 24,16% 11,43%

Combustion efficiency 72,8% 80,0% 
>> Improvement in combustion efficiency: 7,2%.
>> Average fuel saving of 12,9% realised.

Company B in Estcourt: 12 ton boiler

Gas/	object	measured Initial	reading (Improved)	reading	
after	boiler	adjustments

O2 13,8% 7,6%

CO2 6,3% 11,7%

CO 843 PPM 280 PPM

Carbon in ash 15,9% 14,28%

Coal to steam 1/7,6 tons 1/8,4 tons

Flue gas losses 16,81% 9,74%

Combustion efficiency 74,8% 81,4% 
>>Improvement in combustion efficiency: 6,6%.
>> Average fuel saving of 14,1% realised. The boiler was later converted 
to a full VSD system, yielding a further 6,8% fuel saving.

Emissions monitoring on plant
By N Liddle

It used to just be smoke. But by monitoring emissions from a combus-

tion process one is able to reduce the cost of the process by reducing 

the amount of fuel used and by reducing the emissions produced.
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Company C in Queensburgh: 8 ton boiler

Gas/	object	measured Initial	reading (Improved)	reading	after	
boiler	adjustments

O2 13,6% 7,1%

CO2 6,5% 12,0%

CO 887 PPM 197 PPM

Carbon in ash 15,8% 13,9%

Coal to steam 1/7,36 tons 1/8,1 tons

Flue gas losses 16,3% 9,0%

Combustion efficiency 75,1% 82,4% 
>>Improvement in combustion efficiency: 7,3%.
>> Average fuel saving of 13,3% realised. The boiler was later converted 
to a partial VSD system, yielding a further 4,1% fuel saving.

Company D in Khangella: 6 ton boiler

Gas/	object	measured Initial	reading (Improved)	reading	after	
boiler	adjustments

O2 15,9% 9,1%

CO2 4,3% 10,3%

CO 2 652 PPM 343 PPM

Carbon in ash 18,4% 14,7%

Coal to steam 1/5,6 tons 1/7,5 tons

Flue gas losses 26,61% 12,4%

Combustion efficiency 61,4% 78,8% 
>> Improvement in combustion efficiency: 17,4%.
>> Average fuel saving of 33,3% realised
The plant previously ran on two boilers – now the plant runs on a 
single boiler.

Money talks
Take Boiler B as the example. This 12 ton coal-fired boiler requires 
approximately 1,5 tons of coal per hour. The price of coal in greater 
Durban is +- R850 per ton. The plant, running 24 hours a day, requires 
1 080 tons of coal per month at R918 000. A 14% fuel saving equates 
to R130 000 monthly or R1,5 M annually, and coal savings of 150 tons 
monthly or 1 800 tons annually.

Four boilers together give a good average. Together, they require 
3,5 tons coal per hour at R2,1 M per month. Assuming a modest saving 
of 10%, an annual cost saving of R2,5 M is realised. 

Loosely translated, burning 10 - 15% less fuel equates to 10 - 15% 
less emissions generated. Add to this the improvement in emissions 
(less CO, less NOx, and less SO2), and then the effect on air quality 
is far greater!

Assume there are 4 000 boilers countrywide and based on the 
previous average they burn approximately 30 million tons per year – it 
seems a reduction of three million tons per year is feasible. Savings to 
industry… R2 550 M per year.

(Conversions based on approximate price at time of research in 2010/ 2011).

These case studies provide four very real outcomes of measuring for 
efficiency	and	making	the	necessary	adjustments	to	the	boilers:
•	 Improvement	in	combustion	efficiency
•	 Fuel	savings
•	 Cost	savings
•	 A	reduction	in	harmful	emissions

The	same	concept	can	be	applied	to	Liquid	Petroleum	Gas	(LPG),	heavy	
fuel oil, diesel, etc. 

Industry’s challenge
If	these	were	the	results	from	emissions	monitoring	on	just	four	boilers,	
how great could the effect be countrywide?

What type of emissions monitoring equipment is 
required?
In	all	segments	of	a	combustion	process,	combustion	analysis	provides	
important information about combustion details and composition of 
the flue gases.

Combustion analysers are therefore indispensable process devices 
for reliable and economical plant operation, in order to guarantee product 
quality and comply with emission regulations.

Different analysers are required in industry for the analysis of 
combustion gases according to perhaps three distinct application fields 
(see Table 1).
•	 Adjustment	and	service	measurements	for	general	plant	upgrade	

purposes, for localisation of process instabilities, for checks after 
repair work or as preparation in advance of regulatory measure-
ments (1).

•	 Process	measurements	for	combustion	optimisation	analysing	fuel,	
combustion air and combustion gases in order, eg to reduce fuel 
costs, improve plant efficiency or extend the lifetime of the plant. 
These applications are also related to emission control because 
optimised plant operation normally will cause a reduction of emis-
sion levels (1).

•	 Process	measurements	for	control	of	a	defined	gas	atmosphere	in	
special furnaces or kilns for processes such as burning (eg cement) 
sintering or surface treatment (2).

•	 Emission	 measurements	 at	 the	 stack	 to	 monitor	 the	 emission	
values of pollutants and to ensure compliance with the official 
regulations (3).
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Gas analysis applications and objectives

Combustion optimisation (1) Monitoring of a specified gas atmosphere (2) Scrubber control and monitoring the exhaust gas for 
compliance with emission limit specifications (3)

Minimising operational costs and emission 
of pollutants 

Generation	and	conservation	of	a	specified	
product quality

Compliance with emission regulations

Combustion control Process control Emission control

Utilisation    

Cement, lime, glass x x x

Metal production x  x

Metal treatment x x x

Heat generation x  x

Waste disposal x  x

Research and 
development

x x x

Chemical and 
petrochemical

x  x

Table 1: Gas analysis applications and objectives.

Figure 2: Process flow chart of a coal-fired power station with measuring 
points (MP).

MP 1: At the furnace for controlling constant combustion and air value, identification 
of CO nests and providing reliable operation.
MP 2: At the furnace outlet for combustion control and optimization (profitability).
MP 3: At the denitrification plant for performance control.
MP 4: At the stack for emission monitoring (compliance with regulations).

Regarding their design, analysers may be classified as follows:
•	 Portable	analysers	for	mobile	application	of	one	analyser	at	different	

measuring locations for short time measurements.
•	 Analysers	for	fixed	installations	at	definite	locations	of	a	plant	for	

continuous measurements over months and years.
•	 In-situ	analysers,	which	are	installed	and	operated	directly	in	the	

flue gas.
•	 Extractive	analysers,	which	are	installed	in	a	rack	or	an	analyser	

house (container) outside the flue gas and which use a sample 
probe and a sample gas conditioning unit for sample gas supply.

Resulting from recent technological developments, portable analysers 
are now available, which combine mobility with the suitability for station-
ary continuous measurements over longer time periods.

Efficiency testing (process control)
Rising fuel costs for thermal systems highlight the need for ef-
ficiency monitoring using emission measurements. A practical, 
easy-to-use emission analyser for commissioning, service and 
maintenance work as well as measure-
ments for monitoring purposes is ideal.

For example, the testo340 portable 
analyser	 is	used	to	adjust	boilers	and	
burners	 to	 run	efficiently.	 It	 is	 a	 four	
cell analyser, equipped with O2 and CO 
cells for direct measurement of these 
gases in the emissions, and additional 
NOX and SO2 cells are available.

The value of CO2 is calculated from 
the fuel parameters entered before the 
measurement. The instrument has a 
range of commonly used fuels pre-
programmed for ease of use.

Figure 3: testo340 flue gas analyser for 
efficiency measurements.

Different probe shaft lengths, di-
ameters and temperature ranges ensure high flexibility for 
all applications. Special flue gas probes for industrial engines are 
designed for positive pressure at the measurement site, mak-
ing measurements in the toughest conditions possible. Modular 
industrial probes are available for rugged process conditions. The 
measurement	objectives	here	include:	
•					Optimum	adjustment	of	the	burner	(fuel	savings)
•	 Monitoring	the	gas	purification	plant	performance
•	 Ensuring	safety	of	personnel	and	plants	
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Compliance testing (emissions control)
The Clean Air Act which commenced 1 April 2010 provides a legislative 

framework for improving air quality in South Africa. Plant emissions need 

to be measured, so analysers used for compliance testing need to fall 

in with certain legal requirements. The high number of components 

that may be present in the exhaust gases requires selective analysers 

whose cross sensitivity is either very low or well-known and thus can 

be taken into account by calculations. The analysers must be easy to 

calibrate	and	must	deliver	correct	and	reproducible	results.	Emission	

monitoring also requires well designed sample gas extracting and 

conditioning systems because of the high temperatures as well as 

dust	and	water	content	of	the	flue	gases.	Gas	sampling	must	deliver	a	

representative proportion of the flue gas stream. When measuring, it 

is important that there is no condensation in the analyser hose, hence 

the use of a high velocity hose. Removal of moisture in the flue gas is 

done by a peltier cooler, cooling flue gas to 4°C and removing humidity. 

This ‘dry measurement’ allows repeatable measurements. Flue gas 

analysers, such as the testo350, are suitable, tested and certified for 

single as well as continuous measurements.

Conclusion
Emission	monitoring	ensures	an	energy	efficient	combustion	process.	

This further translates into:

•	 Fuel	savings

•	 Cost	savings

•	 A	reduction	in	harmful	emissions

Efficient	use	of	energy	and	environmental	improvements	from	proper	

combustion of fuels provides a competitive edge and increased profit-

ability for individual plants and industry as a whole.
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