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Advanced sensors and smart controls for 
coal-fired power plant 

Current state-of-the-art coal-fired power plant not only has to achieve high efficiency, 
low pollutant emissions, but increasingly must have sufficient flexibility to provide rapid 
back-up to intermittent renewable energy sources in order to maintain stability of the 
grid. This has led to the ongoing development and application of upgraded control 
systems incorporating online sensors that provide real-time data located closer to the 
process they monitor, and more advanced algorithms that determine the optimum 
control response.  

For pulverised coal plant, optimisation of the combustion process is the primary driver 
for the development of new sensor and control technologies such that complete 
combustion can be achieved while avoiding an unnecessarily high proportion of excess 
air, which represents an efficiency penalty and promotes NOx formation. Newer 
technologies such as tunable diode laser absorption spectroscopy and advanced 
acoustic pyrometry can be used to map the temperature and composition of flue gas to 
over a furnace cross-section. At the same time, devices for online monitoring of the coal 
and air flow distribution to individual burners enable combustion stoichiometry to be 
precisely controlled in real time. These additional data allow the control system to 
balance combustion and reduce excess air to optimum levels. 

There is a growing range of advanced process control software for maintaining an 
optimum state. These systems usually make use of complex algorithms such as neural 

• There are strong energy and environmental drivers to upgrade coal-fired 
power plant in order to improve flexibility, reduce carbon intensity and 
limit pollutant emissions. A key approach is to improve the control systems 
so as to maintain an optimum operational state under changing conditions. 

• There is a surge in research aimed specifically at developing new sensors 
and control technologies for the fossil fuel sector, especially in the USA, 
where efficiency improvements in the substantial existing coal fleet 
represent significant economic gains, while the push to establish IGCC both 
at home and overseas has prompted development of more robust sensors 
for the gasifier and turbine systems.  

• This increasing application of more advanced sensing techniques including 
wireless networking, in situ optical methods, with advanced high 
temperature materials, has not only benefitted existing power plants but is 
paving the way for the next generation of robust sensor technologies, 
which could help facilitate deployment of a new generation of advanced, 
high efficiency fossil fuel power systems. 
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networks which can be trained on operational data to build up an empirical model of 
the plant system. Such model-based approaches are able to continuously identify the 
optimum combination of control actions for a given set of demands on the highly 
dynamic systems of the plant. These advanced control systems can become particularly 
effective when combined with online sensor technologies which are able to supply 
them with more useful data. Research into combustion sensors has focused primarily 
on developing more robust, miniaturised devices which can operate reliably in the 
challenging environments of furnaces, gas turbines, and gasifiers. For example, the 
capability for wireless communication is itself a key technology for miniaturised sensors, 
avoiding the cost and vulnerability of wiring and granting access to previously 
inaccessible locations such as turbine blades.  

The US Department of Energy has calculated that the incremental improvements in 
plant efficiency and reliability provided by control system upgrades could represent 
yearly savings of US$ 358 million and 14.4 MtCO2 if applied to the country’s entire coal 
fleet, and is consequently funding an extensive research programme in this field. As 
more complex, higher efficiency plant is deployed, potentially incorporating carbon 
capture systems, the application of these emerging technologies for optimising plant 
control is likely to become increasingly necessary. 

This note is based on the report: Advanced sensors and smart controls for coal-fired power plant (CCC/251, 
June 2015) by Mr Toby Lockwood. The report is available to download from  
http://bookshop.iea-coal.org.uk 
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