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I ntroduction

Pending state air quality regulations, resulting from EPA’ s recent Ozone Transport Rulemaking proposd,
are expected to restrict NOx emissions from boilerslocated in 23 Eastern and Midwestern statesto 0.15
Ib/MMBtu by May 1, 2003. It has been estimated that over 300 coal-fired boilerswill be affected by the
new rules and will require additional NOx control.

SNCR Applications

Selective Non-Catalytic Reduction (SNCR) isa cost-effective NOx control method that can provide
medium range reduction. In cases where higher NOx reduction is required, SNCR can be used in
combination with other control techniques such aslow NOx burners or combustion modifications. If used
asafirs sageinahybrid SNCR/SCR system, catalyst size can be reduced, resulting in lower capital and
operating cost.
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The SNCR Process

Inthe SNCR process areagent, ammonia(NH3), creates areducing atmospherein atemperature zone
of 1700 to 2000 F. The chemicd reaction between NOx and NH3, through severd intermediary reactions,
converts NOx into nitrogen and water. The reagent can be provided in the form of anhydrous ammonia,
aqueous ammoniaor urea. Anhydrous ammoniaisthe lowest cost reagent and will result inthe smplest
system. Aqueous ammonia or urea can be used when required by safety regulations.

Key factorsfor good SNCR performance are the gas temperature and the reagent distribution in the flue
gas. Reagent injection and mixing, withtheaid of ar or steam to provide the momentum for penetration or
atomization, must take place within the optimum temperature window. Actual gas temperatures can be
determined through measurementswith atemperature probeor from boiler design data. Kinetic and fluid
dynamics computer model s are used to determine system performance and eva uate the mixing conditions.

I njection System

The most common and simplest injection system uses wall injectors, installed between boiler tubes.
Operation at varying boiler loads can be accommodated with multiple injection levels, alowing for injection
into the optimum temperature window at each load. In large boilers, wall injectors may not provide
sufficient penetration, and aninjectionlance may be needed for good reagent distribution. An example of
an innovative, patented lance design is presented in the following case study.
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Case study

Nebraska Public Power District (NPPD) conducted an experimental test program to evaluate the
feasibility of SNCR on autility boiler. For this program, they selected their 105 MW Sheldon Station
cycloneboiler, which burnslow sulfur, low chlorine Powder River Basin coal . As part of the project, a
unique, patented ammoniainjection system, using aretractable, air-cooled lance, was developed and
tested.

Finding the correct SNCR temperature window was an important step. It was estimated that a suitable
temperature window could befound in thesuperheater area. Therma mapping acrosstheboiler cavity was
done with a thermocoupl e attached to the existing sootblowers. The true gas temperatures were then
calculated by applying an empirical correction factor. This method was much smpler than the more
common testing method with awater cooled shielded probe and was considered to provide sufficient
accuracy. It wasfound that, during operation at the most common load range between 80to 90 MW, the
suitable temperatureswere just in front of the finishing superhester. A new sootblower penetration for the
injection lance wasinstalled at this location during aregular outage.

Theinjectionlancewasdesigned with aconventional sootblower mechanism for insertion and retraction.
Thelance consisted of concentric tubes, with ammoniavapor fed to theinner and cooling air to the outer
passage, and a series of injection nozzles spaced to cover the entire boiler width. The cooling air, which
aso served as carrier to didtribute the ammoniainto the boiler, was mixed with ammonia vapor insde the
lance just prior to injection. Temporary compressors provided the needed air.

Anhydrous ammonia, supplied from atemporary tank, was used for the test because of itslow cost and
itsavailability in agricultural Nebraska. Although many utilitiesarereluctant to use anhydrousammonia,
NPPD fdt that it could be dedt with safely by implementing proper procedures. Aqueous ammoniacould
have been used as well.

The lance was tested during normal boiler operation over a 14 day period. As expected, NOx reduction
was greatest, 53 percent, in the 80 to 90 MW (gross) load range. At higher loads, the temperatures at the
injection location where higher than desired, and NOx reduction waslower. Thiscould beremediedina
permanent system by ingtaling an additiona injection lance further back in the cooler convection passfor
operation at high loads. The NOx emission rate over the entire load range (while on load control), at an
NH3/ NOx moleratio of 1.0, was 0.47 Ib/MMBtu, representing 47 percent reduction over baseline.
Higher NOx reduction, with increased ammonia slip, was obtained at higher mole ratios.

Ammoniadipwas5 PPM or less at the 1.0 moleratio injection rate. After the 14 days of operation, no
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noti ceabledeposits (dueto possibleformation of ammonium sats) wereobserved intheboiler or ar heater.
Also, therewas no stack plume (dueto possibleammonium chloride formation) visible during operation
in the ambient temperature range from -10 F to + 50 F. Slag buildup was aconcern at the lance location,
but thiswas controlled through norma operation of the two adjacent sootblowers, which kept the lance
clean. Theair cooling was ableto maintain thelance at low temperature and no mechanical problemswere
encountered.

Test Conclusions

Thetest confirmed that SNCR can be a practical and effective NOx control technique for large boilers,
withlittleor noimpact on boiler operation. Theinjectionlance proved to bean attractive aternativeto wall
injectors. Thelance can be retracted for inspection or when not needed while the boiler isin service.
Although the testing was done with anhydrousammoniaand air cooling, the lance design can be adapted
to agueous ammonia injection and steam cooling as well.



