NOx Emissions Control from
Industrial Boilers, Cement Kilns
and Gas Turbines

Fuel Impact on Sources of NO:{_

+ Thermal NOx

— Formed by the thermal
fixation of molecular

nitrogen, N2 100%
— Requires high ro HOx Fued HO X
temperatures (>
1,370°C) HOx
+ Fuel NOx
— Oxidation of nitrogen 0
hearing species LowFlame Temperature
contained in the fuel combustion
+ Prompt NOx Control Low SR

— Reaction of nitrogen Method —
with fuel fragments HOx Decomposition



Approaches to NOx Control

echnigue

Gas Fud Oil Coal

Operational Modifications
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Reduced Air Preheat
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Combustion Equipment Modifications
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Cwerfire Air (OFA)
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NOX emissions control technologies vary In

performance and cost

injection

Burner out of Service 40-50% Thermal Ol & Gas

F uel Biasing 10-20% Thermal Qi & Gas
Drverfire Air 15-30% Therrmal & Fuel All

Fuel reburning 40-60% Thermal & Fuel | Coal {cyclone)
Lowy excess air firing 10-20% Thermmal & F uel Al

Flue gas recirculation 20-30% Thermal Al

Loy MO® burners 40-50% Therrmal & Fuel All
Water I steam a0-7 0% Thermal Stationany

EnQines




Various types of NOx Control Devices

This technique can be used to retrofit ol ar gas fired units that
have multiple levelzs of burners. This is a staged combustion
technique, where fuel flow from upper level burners is diverted
to lower level burners, thus creating a fuel rich zone in the
technique, where fuel flow from upper level burners is diverted
zane in the area around the upper level burners. The
cambustion system thus cansists of lower level burners that are
operated fuel rich, and upper level burners that are operated on
air only. This method causes less than stoichiometric air to be
avallable far combustian in the fuel rich zone, resulting In lower
peak temperatures (due to incomplete combustion of the fuel).

This 15 a retrofit technique which has been approved anly far ol
and gas fired utility boilers. Fuel biasing woarks on the same
(staged combustion) concept as the burmer out of service
technique and also applies an air staging approach however, in
the fuel biasing technique adjacent level of burners are aperated in
a fuel rich and fuel lean configuration instead of the fuel rich and
air only configuration employed in the burner out of service

technigue.

This is also a staged cambustion technigue where all burners are
operated in a fuel rich mode, with additional combustion air
supplied through special overfire parts (a.k.a. NOx ports) located
above the primary combustion zone. The averfire air technique
therefore constitutes an air staging approach.



Fuel reburning is another staged combustion technigque which
uses a fuel staging approach versus the air staging approach
seen in the previously described techniques. In the fuel
reburning technigue, the primary (lower) combustion zone is
operated in an excess air mode, while the secondary (middle)
caombustion zone s operated in a fuel rich mode.
Approximately 10-20% of the total fuel used for combustion is
used in the secondary combustion zone. The secondary
cambustion zone is followed by a third {(upper) combustion
zane, inwhich anly air iz added to the process. The air added
in the third combustion zone allows the combustion to be
campleted. The oxygen rich atmosphere of the primary
combustion zone allows for the formation of NOx, which s
then converted into molecular nitragen (MNZ) in the fuel rich
(reducing) atmasphere presentin the secondary combustion.

The objective of this approach is to aperate with the lowe st
level of excess airthat is safe, efficient and practical.

This  technigue for  reducing MNOx  generation s
accomplished by taking typically 10-30% of the flue
(exhaust) gas, mixing it with incoming combustion air and
injecting the mixture directly into the combustion chamber.
The recirculated flue gas acts as an inert thermal diluent
(l.e. it dilutes the oxygen content of the combustion air) and
pravides for better mixing of combustion air and fuel (via
increased  turbulence), allowing  for  lower  flame
temperatures. Baoth of these results contribute to decreased
generation of thermal MO x,



Low MO% burners have been developed which can be used to
retrofit almost any type of combustion process. Low MNOx
burners use modified air and fuel entry to slow the mixing rate,
reduce the axygen available for MOx farmation in critical MOx
formation zones, and f or reduce the amount of fuel burned at
eak flame temperatures. Low MNOx burners operate at much
ower oxygen levels than conventional burners, and therefare
generate less fueland thermal MO x

This technigue is commonly used to reduce NOx generation in
gas turbines. The injection of stearm or water reduces the peak
flame temperature of the combustion process, thus reducing the
creation  of thermal MNOx. This technigue reguires  that
watersteam be treated to Erevent corosion, and may result in
increased generation of carbon monoxide and for hydrocarbons
at low load conditions. The addition of water also  slightly
increaszes fuel consumption, because additional energy s
consumed by the system for converting the water into water
vapar (stea m{.

Technology layering reduces NOX emissions
fo low levels
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Selective non-catalylic reduction consists of
hitrogen agent injection

SHCR »

sTechnology involves the
injection of a nitrogen
agent fammonia, urea,
etc. ) into the post-
combustion flue gases.

A the proper
temperature, the SHCRE
readgent selectively
reduces MO to molecular
nitrogen.

SNCR reaction occurs In narrow temperature
window

Effluent Concentration

~4,000°C
or 1,800°F

|

HOx

HHz

w2

Flue Gas Temperature

Feaction chemistry involves reagent
activation and reaction with MO:

MH,+ OH 2 NH, +H0

4
MO +MH, = H + OH + 1,
4
H+0OH = HO

At high temﬁleratures, reagent is
oxidized to MO

At low temperatures, reagent does
not react, leading to ammaoania slip.



mpact of gas temperature and reagent on
SNCR performance

+ Several reagents are
o e availahle for SNCR
:::::::?Lm applications.

+ Atideal conditions,
SHNCH can yield high
levels of MCx
reduction.

+ FHeagent performance
LA depends on mode of
800 1,000 1,200 injection and

Temperature, deg. C application specific
conditions.

Pt
=

(HOOut/{NOx)In, %
o

Use o D) tor SNCR system design

Droplet Trajectories & Resulting Contours of
Temperature Contours HO= Concentration

—_— . j—




UREA BASED SNCR FOR BOILERITII
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SNCR FOR CEMENT KILN (Aqueous
Ammonia Injection)

« Between Kiln Inlet and Lower
Cyclone
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Regulations for NOx Removal in Gas

Uroines

Model Rule for Additional

Hitrogen Oxides (H0x) Control Measures

For a simple cycle combustion turhine:

a. Fora gas-fired turbine without oil back-up, 1.0 Kg of
M per MY (55 prowd, corrected to 15% Q)

b. Foran ol-fired turbine, 1.36 kg of NCwx per MYWh (75
pprre, corrected to 15% Oy

A Reduction strategies 1or (Las [urpine

» Femove MO from exhaust after production

»Feduce MNiZx production

s Combination of Removal & Feduction



High Pressure Water Injection (HPWVI)

FROS
-PROYEM technalagy
—oimple Installation / packaged system
—omall installation footprint
—Low capital cost
—Low Operation & Maintenance Costs
»Cinly consumahble iz Dl water and filters
—Power increasze [~ %) due to increased mass flow

—Reduces Opacity

*High Pressure Water Injection
«CONS

—lncreases CO
POTE: GO for Liguid fuel welf HPW I is = CO for Gas wl Mo HPYW

—Meed reliahle source for D water

rLarge Tank, ar
Smaller tank and on-site D Water P rocessing Sy stem

'Requires ahout 76 LPM per engine
—If you have a Gasanly FT4, requires dual fuel manifolds

=WWater flow limited by fuel system nozzle capacity

Crl wuater: Distilled or Creionised water used in as turbine inlet flogging system



ERC Low NO. Burners

Construction features of the burners, ERC

sFerformance level G - 90 WYY

»[iun - Block design

maxial swirl regulator

madjustable gas lances during the maintenance
striple air graduatian

sinternal flue gas recirculatian



ox-Reduction state of the art technologies

» selective non-catalytic reduction (SMNCRE, 950 °C)
» selective catalytic reduction (SCR, 400 °C)

REACTICN AGEMNTS:
» ammaonia -water)
» yrea,dotated (carbamin =)

The chaice of the technology and the reduction
agent has a considerable influence on the capital
and operating costs.

Concepts for the reducing of nitrogen

n flue gases

SNCR zeledive, non-catalyic Moxreduction at high flue-
Process gas temperstures,

SCR Seledive, catalytic Mox+eduction at low flue-gas
Process temperatures.

Cornbination The cost-effective combination of SNCR and SCR
Process QrOCESaes .




SNCR/SCR, ERC

|
=

Storage system for D'NOX additives
with unloading area,ERC

-1




Mixing module, ERC

rifzhine




Catalytically DENOX-Stage, ERC

PID Storage Tank Station
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PID Diagram SNCR mixing and metering modul Model
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