STATUS OF NU_ CONTROL FOR COAL-FIRED PCHER PLANTS
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ABSTRACT

fhe status ot technologies for con-
trolling earssions of oxides of nitrogen
(uo‘: from cnal-fired , ower ;- lants 1s
reviewed. A discussion of curreat tech-
nology as well as future NO, control
approaches 1s preseated. Included i1n tmas
latter c_tegory are advanced coambustion
approacnes as well as post-combustion
alternatives such as catalytic and acn
catalytic amaonia-based systeas and wet
scruboing. Special emphasis 1S given to
unresolved development 1Ssues as they
reliate to practical applications on coal-
fired power plants.

I. INTRODUCTION

Ox1des of nitrogen are a sub)ect of
general interes  :1-~ Cal:forma and of
particular interest i1n Southern Cali-
formia. In this paper the various control
tecnnolouy vptions availasle for power
plant applications are di.cussed. The
di1scussion 1S prizarily otient2d around
direc* pulverized coal ctilizat:on,

‘oughi much of what will be said :pg'res
« Jtner combustion devices and fuels as
well.

II. BACJIGROUND

Oxides of mitr:ren from comoustion
sources are composed of nitric uxide (RO)
and nitrogen dioxide (Noz). Together they
are reterrea to as NC, . From an elfects
standnoint, 1t 13 mainiy the NO2 and 1ts
derivatives which are of concern. How-
aver, from a control technology ste-d-
point, 1t 1s rhe NO whicn 1s of interest
since the majority ~f the di_ect ~wissions
of NO, from power glants are 1n this form.

There are two sources of aitrogen
wnich can lead to NO, tormatiun. The
tirst 1. molecvlar mitrogen 8, carried
alony with tne oxygon 1n the air. At high
combustion temperatures this normally
inert N, can react ~ith oxyjen to torm
#0, . S5ince thls occurs at hiyh temper-
ature, 1%t 1S (reguentl; referred to as
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thermal NQ,. Control of from this
nitrogen source s reasunably well estao-
l.shed technolog:. The other source of
nitrogen 1S that :naerently bound witawn
tuel molecules. Becasse earlier tueraal
NO, control seasures are relatively in-
effeclive for TS n:trogen source, i1t 1s
the i1nherent nltrajen vhich makes dNO,
control 1fficult on any fuel contairning
significant quantities of nmitrogen. Coal
falls into this catejory since i1t typi-
cally contains 1 ta 1-1/720 nitrogen by
weilgne.

Ili. CURRENT TCUWOLOGY

At the present tise, operational sod:-
fications to th2 COMDUSTION Process are
the only cosmercially available means of
controlling NO, emissions from coal-fired
powe. plaats (Table I). This usaally
1avolves somc fors of staged combustion
{RO, rorts, overfire air ports, burners
out of service]l or low NO, burners both of
which are aimed at miniaizing the quantity
of oxygen availaole for combiraatic with
air or fuel nitrogen sources. Comsbustion
technirgees specifi~ally aimed at reducing
inermal NO, (flue jas recirculation,
cteduced aic preheat, water 1njection) are
relatively 1neffective when applied to
coal-ficed boilecrs.

Considerable testing of coal-fared
borlers, .aaruly by EPA, has shown that
curren: requlations of C.7 1b/10%Btu
{about 500 ppa for coal) can pe acnieved.
However, from an cperating standgoiat,
sic tf1ant question. regarding noiler
cor.usion and slagging are still un-
answered. EPA nas proposed tnat the stan-
dard be lowered to 6.6 1p/23%ati. s
nas prompted considerable discussion,
since the ability ta reliaoly ameet the
0.7 lb/lOGBtu standard stili nas not neen
proven.

Currently, poller manudfacturers arce
1nvestigailng durner tecnnigues tor con-
trolling RO, to v.6 10/1068tu and lower
leveirs. However, the aoiltty to aeet
these levels At 0w, ar i

el13abrlicy 1ssues ~umllar to those dis-
cussed above.
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Emissions in the 250-300 ppa range
have been reported in one Japanese coal-
fired installation. This has been accom-
plished through advanced burner desigas
and staged combustion. Long-ters relia-
bility issves have not been released.

IV. ADVANCED TECHNOLOGY

weaaction ia eaissions beyond the
levels cited above will require innovatiwe
new technologies. B8oth advanced combus-
tios wocess techaiques as well as post-
cosbust ion approaches such as catalysis or
Scrubtbing are currently vnder investiga-
tioa.

A. CONBUSTION HODIFICATION

There is a coasiderable body of basic
data indicating that nitrogen in coal can
be prevented from forming -o‘ by sani-
pulating the combusticn provess. Properly
done, the nitrogen 1n the fuel can be
reduced to haraless molec. iar nitrogen.

The fundamental requiresent to
accompl ish the desired effect is through
combust ion ander controlled reducing con-
ditions. One such approach to this
problea is shown in Fia. 1. Pulverized
coal is introduced into a burner with less
air than required for cosplete coabustion.
A key feature of this approach is the
physical isolation of the reducing zone
from the oxidizing zone, wvhich permits
accurate control of process stoichiometry.
The extended length of the combustor
provides the necessary residence timse to
partially oxidize the coal and permit
desirable N,-forming reactions to occur.
Heat removal also occurs along tne com-
bustor to avoid slagging 2nd for process
temperature control. Secondary air :is
added at the exit of the extended furnace
to bring the cumbuastion products to
oxidizing conditions for the balance of
their passage througa conventional steam
generiting equipment.

Development of this process is being
vonducted at twc scales. Preliminacy
ecreening tests are being done at approxi-
mate'y 4 x 10°Becu/hr ( 0.4 MW). Prototype
development will then be done at
<0 x 10%Btu/hr { 5 MW).

Results of this research are only now
beconing available. Typical resuits from
the 4 x 10%Btu/nr scele giv- >~ ut 150 ppm
for a typical wsstern svbbituminous coal.
Whilc extrapolation of erperience at the
laboratory scale to full-scale burners
(typically on the order of 200 x
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xo‘scunm wmust be approached with
caution, the results to date must be
viewed as encouraging. Considerably sore
research into scale-up effects, slagqging,
cor ;osion, safety, and general opera-
bility-reliability aspects will be
required. Commercial availability 1s
scheduled for the early to sid 1980s time
frame. Preliminary cost estimates for the
low MO_ combustion systes are estimated at
about gSItl for new installations.

8. PAST-CORBUSTION CONTROL TECHNIQUES

Even if the advanced combustion
techniques a: * 1008 successfu., 1t 1S
unlikely that ID‘ below the 100-200 ppm
range can be ac ieved. If emissions below
this level are deemed necessary, post-
combustion processes will probably be
required.

Post-combust ion systeas [a]ll into two
major categories: dry amsonia (WH;) based
and wet scrubbing. The ¥, systeas are
further broken down into catalytic aad
non-catalytic technologies. Some dry
systems can be used to collect ID. and
SO_. The wet scrubbing Systems can be
used for uo‘ alone, hut alaost always
involve cisultaneous WO, and SO, remowval
{ot economir reasons. However, compara-
tively little work has been done on wet
scrubbing relative to dry processes. For
both llj and sScrubbing wocesses, the vast
majority of work has been dome in Japan,
where stringent NO_ standards have been
imposed.

1. Catalytic NO_ Control with lll3

Catalytic reduction of NO_ with
ammonia (NH,) 1s selective: t‘at is, e,
pre(el-ntiafly reacts with NO_ over other
comspounds according to the foflowinq hypo-
thesized overall react:ions:

cuuj + 4NQ « 02 -

4N, ¢+ 6H,0 (1)
2 2
‘lﬂ, L 2802 + 02 -

’Nz + 6"20 (2)

As can be seen, only gaseous N, and
H,0 are the theoretical produ~ts.

A schematic diagra= of a typical
catalyst application 1n a coal-fared
boiler ts shown in Fig. 2. The catalyst
is physically located between the boirler
economizer and the 31r preheater. Such a
location is necessary Ssince required cata-
lyst grocess eratures are in the 700-
800°F range. can oe seen, the caca-
Iytic system 1uvolves reactors and duct-
work of si-crmificant size. & geapih ol the
RO, removal efticiency 1S A wuaction of
temperature for a typical catulytic snystem



15 shown 1n Fig. 3. Weheat ot the tlue
Jas downstreaa of the arr preheater to
provide thesc temperatures i3 viewed as
1mpractical.

In Japan, 3 significant nuaber of
catalytic processes have been 1nvestigated
un flue gas from natural gas and oil-fired
ovoilers, ind NO, reductions of 908 have
oeen repurted. However, only limited data
are Jvailanle for flue gas having $0, and
particulate levels characteristic of U.S.
coai-fired applications. Acknowledged
research to date has only been at the
several hundred cfs ( 0.1 MW) to several
thousand cfm ( 1 Md) scale.

In additir10n to the dasic guestion of
scale-up, there are several «ey develop-
acntl 1S5Sucs Wmich reann to be solved
rogarding catrlytic NO, reacval. Table 11
Sr"28ari1zes these issuaes, along with the

1cal probless that are created,
.« mtial sclution., and a qualitative
ite ot costs.

3. Dust Tolcrance

One aajor derelopment 1ssue 1S related
to the gquaatity .- fly ash associated wtn
<oai. Particulate ivad 1n cval-fired
boller jases 1s about 1000 times that for
21l. This means tnat conventional packed
ted contacting designs are notrt practical,
AAce they would phyzically piug up.

A soiution to the dust proviem can be
addressed from two standpornts: elimina-
r10n of tae tly asti by ising a hot alec~
LYUSTItIC Precipitator upstreaa of tne
cataiynt; or developsent of Just-tolerant
SNt LN ReeWRectrEec i in ‘)l'.l\'! L ENC LI 1
1 protanly

ST SR L FY AL ISR ) I Rt |

e gugred an say - veent pPreviprta-
tor. .t Lilex operating apscts which produce
transient particalate conc: ntrations can-
not e complecely elimina:d.
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Research into catalyst contactur
confijurations which are tolerant of tuill
coal-fired dust ¢ “entrativns nas begun
in Japan. wnille some schemes 1nvolve
acving bads, tne more proaising Ipproacnes
4"+ wnat 1s treguently termed a3 parallel
Passaje reactor. In sucn 3 contactor tae
reactor walls are oriented parallei to the
direcrion ot tlow. This peramits dittusion
of the NOI and NHj; to the active cat.lyst
s1tes at tne walls, wnile the dust gparti-
*les continue flowing with the bulk jases.
Parallel passage reactor contigjurations
amder 1nvestiyation jnciaie prpe, honey-
cumt, and corrugated,.  Becauase ot the com-
petitive natiare ot tnese Jdevelopments,
only Iimited public 1ntormation 13 now

satlanle rvjarding detarls ot the time-

dependent pertorsance ot these devices
over catalyst lives of comsercial
1nterest. The success LIh achieving
erosi10on and pluggrng resistant geometries
will be known as data 1s publisned.

It 1s worth noting that extrapolation
of coal-fired catalyst data to coal, and
vice versa, aust be approached with
caution. In addition to the differences
1n particulate loadings noted earlier. tne
fly ash chemical composition (carbon,
trace eleaments, and acidity) anu physical
CRAaracteristics ("stickiness®} Jre also
Juite different bvetween the two fuels.

Another probies which must be
addressed even 1n a2 parallel passage
reactor 15 the problea of physical block-
age of the smali openings of the reactor.
1T May O necessary ‘o provide some form
of pacrticulate removal -- such as an
impaction plate or cyclone -- to prevent
1epinyement of large fly asn agglomerates
on the catalyst. The regquiresent of such
a device would obviously 1ncrease the
costs of the catalytic systea.

D. Nﬂj Clerye er

Anothier signiticont problem tnat aust
be successfully resolved wcfore catalytic
SYStems can ve viewea as applicable to
coal-tired bollers re’ Ites to the carcy-
aver o unrcacted Nl!j true the catalyst.
In addition tu veing an endesirable
e@155103 Dy ttselt, N#; can react with SO,
to form sulfates or oirsulfates which coula
3also be eaitted to the atmosphere. From a
Jtility operating standpoint, an even more
pressing provles 1s the format.om, conden-
sation and subseguent deposttion of amsso-
naua naltate on low-teapecatuce heat
recuvery colpuitents Jown ttream ol the
catalytic reactor.

Deposition Ot thls materlai 1s un-
Jdesiraole since 1t will resualt an
1RCreas1ng pressare drop leading to sunse-
Jident reductlion 1a tne J nerating capacity
of tne plant. Tne mater:al 1s also sus-
pected to be courrosive.

An egullivriux jrapn showinj the
temperature dependence Ot pbisaitate ! crma-
tion as a function of Soj, H:O and NHy 1S
1llustrated 1n Fr3. 4.

Prevention ot tisaltate deposition Tay
be accomplisned via iowered NH, No stor-
chiometries {(whicn lowers NJ, removal), or
a catalyst whicnh Jdecomposes Nitg. At least
Ine Japanese Cumpany 13 reledrcning an Ny
Jecomposition catalyst.



¢. Low Load Operation

B8isulfate deposition can also be a
problea within the catalytic reactor
itself when temperatures drop below the
condensation point such as occurs at low
load operation. Potential solutions
include maintaining the catalyst at
teaperatures above the bisulfate point by
incorporating high temperature¢ flue gas
bypass or hagher catalyst operating
teaperaturcs. The effectiveness of the
catalysts at higher temperatures 1s not
knoen.

d. Automatic Control Syscea

Another engineering problea which
requires attention is the ammonia injec-
tion control systems. Japanese systeas
typically use feed forward control only
basced on anputs lroe orl-tucl tiow, U,
concentration and inlet NO,. Environ-
mental, economic and operating considera-
tions 1n U.S. applications will probably
dictate that the control systeam addition-
ally incorporate as a m1nin'm a feedback
loop based on reactor out.:.' nilj and NO,.

e. Environmental lssues

One final point should be noted.
since the objective of any catalytic NO,
Process 1s to iaprove the environaent,
care aust De taken to assure that poten-
tially undesirable byproducts are not
released 1n the process. In addition to
NH;, ammonium sulfate and bisulfate men-
tioned earlier, emissions of N,0 (the
result of 1ncomplete reduction of NO, ),
50, (caused by oxidat:ion of S0, aver base
metal catalysts), amines and other com-
pounds have yet to be evaluated.

On the basis of perscnal discus-
sions with Japanese vendors, economics
range from $10-8% 'kW, averagina: $3i0 =W.
However, in mary cases it 1s not clear
whether this cost covers equipaent only oc
installation. It almost certainly does
not include IDC, GaA and other owner over-
neads. Besides these basic questicns and
those which always exist when ertra-
polatine limitedé pilot plant data to
commercial applications, there are other
factors which confuse the cost picture.
For example, differences 1n labor titecs
and productivity and raw material costs
between Japan :nd the U.S. make 1t difti-
cult to accurately judge costs by siaply
converting f{rom yen to dollar at the
current nxchange rate. Other factors
could also lead to substantially differeat
costs, such as OSHA reguirerents and
general operating ph:losophv. EPRI

N

cuirently has projects aimed at accurately
defining thr2 cost of catalytaic tec .nology
for U.S. power plant applications. Tms
information 1s expected to be availaole
later this year.

Current research activity on catalytic
N0, s)items 1s at a (airly low level. cPA
has just awarded a contract to a Japanese
vendor for research on a 1/2 Nd prlot
plant. EPRI 1ntends to perform researcn
at the 2-1/2 Nd scale. Dirscussions with
vendors are currently under way. A major
feature of this research will be the
systesatic investijation of the major
development 1ssues noted eariier.

2. Non-Catalytic NC, Jontrol with Ni,

In addition to the catalytic systeas,
rescarch 15 alsu underway un noncatalytic
MU, =tamed NUL cont ol technolopy.
tu.ily, the noncatalytic systea 1s attrac-
tive; all that 1s required 1S NH; and an
1njection systea. The catalyst 1s elimi-
nated. NH; 1s 1njected at the proper
temperature and tne NO, and Ni, selec-
tively and nomojeneously react, probably
according to eguations 1 aad 2. The rela-
tively narrow tesperiture ranje over which
the process 1s effective 1S seen 1a F1g9. 5
for an orl-tirel laboratory experiment.
TI13 Natluw TIMPATATUre FANgE "IXIS AT
somewnat difficult to apply the techmique,
since the temperature at a single point in
a voirler can vary signiticantly wmath fuel
tluctuations, ash deposits, operatitny cun-
dirtions, and load. Solutions to the
temperature sensttivity problea include
aultizle 1njection sites, moveable injec-
tion probes or nydrojen addition. The
likelincod of this latter techmigque 9
atility applications 1s not well defined.

Coanaego=

The aost si1gmificant appiication to
date of the noncatalytic technology is the
375 M& fall-scale 1nstallation at the oil-
fired Chita plant of Chubu Electric in
Japan (Fi1g. 6). Thnis umit use: multiple
1njection sites to provide temperature
variation flexioility. The NO. reduction,
NH;/NO ratio, and Ni; carrv-over are shown
in F1gs. 7 and 3 as 3 tunction of load.
The unigue snape of tne curves witn load
1s due to temgeratare variations with load
a.d the use ot two NH; 1njection puints.
Nil; carry-over i3 nigh especially at low
load and may limit the NO, reduction an
u.S. applications.

ALr preheater deposition at I{hita has
not been a problem due to the low
(1-2 ppm) SO, levels assocrated with the
0.24 S 011 used. Feed forward control

based c¢n o1l tlow, 1nlet NG, and excess



0, is used. As with the catalytic
approach, U.S. utility operating practices
will probably dict~te the addition of a
feedback loop as well.

The currently available data for coal
firing 1s shown in Fig. 9. These data
were obtained on a 3 x 10%Rtu/hr lzbora-
tory facility. The variation in cptimum
process temperature with unident .fied coal
and/or ash cha-acteristics shown may coa-
plicate the «ase of oractical application.

The noncatalytic technique has removal
efficiencies which are lrwer than the
catalytic approach, higher NH, consump-
tion, and higher Ni, carry-over. Probleas
associatec with NH, cirry-over have
already been discussed and need not be
repeated.

3. RO, Scrubbing

Centrol of nox in a scrutbing process
1S attractive because potentially two
emissions of concern (NO, and SO;) can be
contrc!.ed simultaneously. However,
scrubb ng of NO' is limited by the insolu-
tility of X0 in most scrutber liquors.

Two jeneral . "roaches have been
devised to get ar..und the NO insclubility
problea: conversion of the NO to more
soluble species and use of an NG “getter”
1n tne scrubber liguor.

Oxidation of NO has been explored with
hypochlorite and O;. However, because of
water quality consideratiun-, -1y 0, is
of interest. However, 03 production is
expensive and energy-intensive. In addi-
tion, the oxyyenated NO_ is not that
soluble and large vessets and/or large
ligquid-to-gas flow rates are required to
perform abso-ption. As an alternative to
extremely large vessels and L/G's, the
addition of catalysts has been considered.
For the typical flowsheet shown :n
Fig. 19, CuCl. and Nall ure used. Botn of
these materials again rauise guestions of
water gquality. Additional water quality
concerns relate to potential byproducts of
the process, such as 1mododisul fonat. and
dithionate., Consideration of these
factors has led at least one research
organization in Japan to halt further
development.,

The other major category of wet
processes involves the use of ethy’ene
diamine tetraacetic acid (EDTA) to form
reactive adducts with NO. The process
flowshect 1s shown 1n Fig. 11. These pro-
cesses also form potentially undesivable
byproducts similar to those in the O,
system. The major development 1sSsue ia

w

wet systeas is regeneration of the EDTA.
A viable approach has not yet been
repocrted.

Even if the issues noted above can be
overcome, there is one overriding con-
sideration which must he addressed. This
relates to the feasibility of the process
on low-sulfur coals. Reduction of the NO
via EDTA or O, occurs through reaction
with sulfite 10n which is inherently low
on scrubbers applied to low-sulfur coal.
It is postulated that an SOZ/NO‘ ratio of
greater than 2-1,/2:1 must exist to effect
the proc2ss cheaistry. TypiTal western
coals are on the order of 1:1 or 2:1.
These ratios could make for low NO
removal efficiencies. Alternativefy. SO,
reagents could be added, but this is
viewed as econoaically unattractive.

V. JONCLUSIONS

Development of NO, control technology
tor coal-fired power plants at the pilot
plant scale is just now beginning in the
U.S. Direct extrapgolation of Japanese
experience both economically and techni-
cally should be approiched with caution.

The most cost-effective solution to
NO control will continue to be combustion
modification. If greater control tham can
be provided by coambustion contcol is
necessary, NHj-based svstems have an ad-
vantage over scrubting systeas, although
considerable technical hurdles are yet to
be resolved.
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Table I

CURRENT NOx TECHNOLOGY
Modificetion NO, Level PPM Umresoived lssues
» Operational =550 « Corresion, Slagging.
Combustion Byproduct Emissions
Changes
o New Burmners *Below 550 * Corrasion, Stagging,
Byprodhuct Emissions,
Effect of Coat Type
* Raportad 250 - 300 * Accuracy of Data
Japanese Unknown
Dete
Table 1I
CATALYTIC NOx CONTROL
Development Practicel Poeential Ouslitative
Isswe Problem Sokuseions Cost impace
o Dust « Catalyst Bed © Parallel Passage olarge
Loading Pluggege/Ero 0 Reactor with Inertial
Seporator
*Hot Electrostatic o Large (passibly
Precipitator wmpractical)
eNH; Coryover  » Environment ol *NH3 Decompasition eLarge
Emissions Cotalyst
« Air Heote. *Lower NH3 Fosd *Smalt
Depositon/ (lowers NO,. removel)
Corrosion
Table If {Contd)
CATALYTIC NOx CONTROL
(continued)
Development Practical Porential Owlimi:
Issve Problern Solutions Cost Impac:
o Low Load o Catalyst Pluggage  * Economizer Bypass o Large
Operation
¢ High Temperature o Large
Catalyst
* Automat. . v dH2 * feedback Control »Small
Contrc!
*Bypro. = irkNOWN eUnknown

Ervizsion-




CONCEPTUAL APPLICATION OF
EPRI/BAW LOW NOx COMBUSTOR
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NOx REMOVAL VS TEMPERATURE

CATALYTIC NOx SYSTEM
NO, Rsmoval Efficlancy (%) FORMATION TEMPERATURE
OF NHa HSO4
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