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Optimal reduction of NOx emissions

Emissions of nitrogen oxides (NOx) are a major contributory cause of over-fertilization and the acidification of land and water. NOx also plays a decisive role in a variety of photochemical processes in the atmosphere which, among other things, increase the contents of nearground ozone. In 1992, a charge of SEK 40 per kg of NOx was introduced for large energy-generating plants in Sweden. This charge means that measures to reduce nitrogen concentrations are, most of the time, economically viable, even in the short term.

It is possible to reduce emissions of NOx from combustion plants by means of both primary and secondary measures. Primary measures involve changes in the actual combustion process, such as a modified air supply and control of the distribution. The most common of the secondary measures is SNCR (Selective Non Catalytic Reduction) and SCR (Selective Catalytic Reduction). Both methods are based on injecting ammonia or urea into the flue gases. The nitrogen oxides then react chemically with the ammonia to form nitrogen gas and water. In the case of SNCR, the reaction between ammonia and NOx takes place in a gaseous phase in a temperature window of between 800 and 900C. SCR involves the use of a catalyst to speed up the reaction. The catalyst works at a temperature of 300-400C. In the case of SNCR, a NOx reduction of approximately 40–60 per cent is normally achieved, whereas SCR can produce 70–90 per cent nitrogen reduction.

The technical and economic optimum is in most cases a combination of primary and

secondary measures. This information sheet provides background data on Grabitech’s research and development work with respect to both primary and secondary measures.

SCR

Advantages

• High NOx reduction meets even the most stringent requirements for new plants

• The treatment results are not sensitive to variations in combustion conditions and boiler

loads.

• No chemical dosage in the actual hearth.

• High level of profitability for large boilers with high NOx charges provided deactivation

of the catalysts can be restricted.

Disadvantages

• Relatively high investment cost. 

• Certain fuels may give rise to deactivation of the catalyst, which has a negative effect

on performance.

SNCR

Advantages

• Simple and inexpensive installation

• Relatively limited need for maintenance

Disadvantages

• The treatment results are sensitive to variations in temperature and flow patterns in

the hearth, which are in turn caused by variations in boiler load and fuel mix. If the

temperature is too low no reduction takes place, and if it is too high the ammonia is

converted into NOx. Therefore, in order to maintain good reduction in the case of boilers

with extremely varied loads and fuels, an advanced dosing and control system is

necessary.

• Relatively ineffective consumption of ammonia (approximately five ammonia molecules

are needed in order to reduce one molecule of NOx).

Dosing optimization

To improve the SNCR-system efficiency, Grabitech continuously develops and optimizes the control of existing SNCR-systems. Optimal control of the dosing system is obtained by using the adaptive MultiSimplex system in combination with conventional MPC.

Based on the achieved result (best reduction at the lowest ammonia consumption) the MultiSimplex® system calculates where the best injection point is and how much to inject.
MultiSimplex® for control and optimization

To control and optimize SNCR-systems, Grabitech uses MultiSimplex®, a patented control –and optimization system for continuous control and optimization of emissions, such as NOx, CO, NH3-slip, etc, as well as ammonia dosage and consumption.

MultiSimplex is currently installed on six different waste and bio-fuel fired energy plants.  The users are among others, Stora Enso, Fortum and Söderenergi. 

For continuous optimization and control of SNCR systems, Grabitech has developed the MultiSimplex SNCR Controller application. MultiSimplex SNCR Controller optimizes the ammonia dosage based on a number of given conditions. MultiSimplex SNCR Controller is normally installed for multilevel dosage, which is a more advanced SNCR control. However, the system can also be used effectively for single level SNCR systems. 

Forecasting

Grabitech has developed a tool that makes it possible to predict the long term CO and NOx-reduction, as well as economical benefits following the installation of a MultiSimplex system, only by performing a series of trials.

Future

Installation of Grabitechs optimization system, MultiSimplex®, for minimization of NOx and CO-emissions has generated great saving as well as lower emissions at the earlier mentioned plants.

Our knowledge and experience will now give our client even greater benefits, since we see a broader area of usage for the MultiSimplex system. 

The system will, during fall 2004, be installed to optimize also particulate emissions, yield and capacity.
