10

15

20

25

WD 2004/ 048852 PCT/ US2003/ 033835 METHOD FOR TREATI NG
EM SSI ONS Background of the Invention This invention

w0 edoaesssgeneral |y to processes and appar at us POF/UB1963/033835

renoval of nitrogen oxides or "NOX" (principally
nitric oxide (NO and 5 nitrogen dioxide (NO2)) from
exhaust gases and the |ike. Mre particularly, the
present invention relates to processes and apparat us
for reducing NOx selectively from exhaust gases
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production an oin processes produci ng
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gui delines in many urban regions. Under the Cean Atr

Antpradidctistssichrenciamboh snondrdde (0Dpneydrosarbons and soot. Free
radicals of nitrogen (N,) and oxygen (O,) combine chemically to form
NOy, primarily NO, at high combustion temperatures. This thermal NOy
tends to form even when nitrogen is not present in the fuel. Combustion
modifications which decrease the formation of thermal NOy generally are
limited by the generation of objectionable byproducts or deteriorating
flame properties.

When discharged to the air, NO emissions oxidize to form NO,,
which in the presence of sunlight reacts with volatile organic compounds
to form ground level ozone, eye irritants and photochemical smog.
Despite advancements in fuel and combustion technology, ground level
ozone concentrations still exceed federal guidelines in many urban
regions. Under the Clean Air Act and its amendments, these ozone non-
attainment areas must implement stringent NOy emissions regulations.
Such regulations require low NOy emissions levels that are attained only

by exhaust after-treatment. When an exhaust after-treatment system is
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attai nnment areas nust inplenent stringent NOX
em ssions regulations. Such regulations require | ow

WO04/0888S51 ons | evel s that are attained only BEI/US2003/033835

exhaust after-treatnment. Wen an exhaust
after-treatnment systemis WO 2004/ 048852
PCT/ US2003/ 033835 2 applied to a refinery or
petrochem cal plant, it is particularly inmportant to
m nimze any inpact on the operation of the underlying
refining or petrocheni cal ?rocess. Exhaust
af ter-treat nent techniques end to reduce NOx using 5
varj qus ch n1ca| or ca tic qh Sucplnethod§
ré'e Bt S R Bat{o SR A e oio st dee i ortant to
[ est i [
AR ol BRHRLE B e g R gt tf,  Fa NG ffning o
&éﬁ%&ﬁenncélbaﬂnﬂklvely, NO may be oxidized to N2 for
renmoval by wet scrubbers. Such after-treatnment

met hod%xliwtc@ﬁtﬁytrﬁéquﬁnb teefifiqygmHdend toesrduaR NQy using
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are used fo NOx em ssions fromnitric acid plants or
émlwmcmwﬁmn (BB abr etleniiRe rindatalytitureddicdioindéSNCR).
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Farebvaliaf MOt iepsississis. be cont roI I ed carefully to

ensure | ow excess 02. Both reduction and  oxidation
cat al y¥¥ef sarebhinsnetl NQ. p@svees enpsis salytions doahrepregent

B ER R 0 P FEB S TS P b o
8o NSGR S8 10 trivtr BRI d QRa @ N rafiohi ddhcuerePRUS ndA$ 8% NO,
with sulfur dioxide (SO,). High costs and complexity generally limit
scrubber technology to such special applications.

The NSCR method typically uses unburned hydrocarbons and CO
to reduce NOy emissions in the absence of O,. Fuel/air ratios must be
controlled carefully to ensure low excess O,. Both reduction and
oxidation catalysts are needed to remove emissions of CO and
hydrocarbons while also reducing NOy. The cost of removing excess O,
precludes practical applications of NSCR methods to many O,-containing
exhaust gases.

Chemical reactions on a solid catalyst surface of commercial SCR
systems convert NOy to N,. These solid catalysts are selective for NOy
removal and do not reduce emissions of CO and unburned hydrocarbons.
Large catalyst volumes are normally needed to produce low levels of NOy.
The catalyst activity depends on temperature and declines' with use.

Normal variations in catalyst activity are accommodated only by enlarging
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Chem cal reactions on a solid catalyst surface of
comercial SCR systens convert NOx to N2. These solid

W@ 210al0ys853 are selective for NOx 25 renoval apdr/tis2ons033835

reduce em ssions of CO and unburned hydrocar bons.
Large catal yst volunes are normally needed to produce
| ow | evel s of NOx. The catalyst activity depends on
tenperature and declines with use. Nornmal variations
in catal yst activity are acconmodated only by

enl argi ng WO 2004/ 048852 PCT/ US2003/ 033835 3 the
volunme of catalyst or limt i3ng the range of conbustion

operation. Catalysts may require replacenent
gherglumelsf dataitsd @ hmnmgh@rrar\g@uog‘owm@um@ﬁ operation.
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achieve low NOx |levels tends to result 'in
boetdthimeotggh as a byproduct emi ssion. Even under

nor mal _ operat.in ondi tions, SCR systens requ
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controlling the distribution of injected NH3 or

APRIAIGSt ¢RNAESIRASICR syatams fequireNaxinievel dislibwtiey odfNH,
| nvention Brjefly stated, t invention in a
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burners | ocated at an inlet end a vertical
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t hr ou n out]et end of the stack. The_ pollutants

iectEbnifloar 5yite B1R sehapiiiogh ERERIMIVSLARYSHh oh

i ncludes a major conponent nodule and inlet and

outl et ductwork providing fluid

Summary of the Invention

Briefly stated, the invention in a preferred form is a method for
removing pollutants from flue gas generated by a plant having one or
more burners located at an inlet end of a vertically extending stack, the
flue gas being discharged through an outlet end of the stack. The
pollutants are removed by an emission treatment system which includes
a major component module and inlet and outlet ductwork providing fluid
communications between the stack and the major component module.
The major component module includes an SCR segment, a heat
exchanger segment, and an ID fan, the SCR segment having at least one
catalyst unit composed of materials for selectively catalyzing at least one
pollutant. The method comprises the steps of drawing the flue gas from
the stack and through the major component module with the ID fan,

removing the pollutant from the flue gas with the SCR segment to
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20 communi cations between the stack and the major
conponent nodule. The maj or conponent nodul e incl udes

wW@eoSCBssegnent, a heat exchanger segnent, anPCHOS10DB/033835

fan, the SCR segment having at |east one catalyst
unit conposed of materials for selectively catal yzing
at least one pollutant. The nethod conprises the
steps of drawing the flue gas from 25 the stack and

t hrough the maj or conponent nodule with the ID fan,
renovi ng the pollutant fromghe flue gas wth the SCR
segnment to WO 2004/ 048852 PéT/ US2003/ 033835 4 produce

f and di,schargi ng the clean flue gas
B8 blodR U on g VRFRER et OBrE 5T et dncfE 5tk
betH etoNBdah s NOR, the em ssion treatnment system al so
i ncl udes an ammoni a addition subsystemwhich is in
flui d Whaothapoloaanodto e témbohed imNEx,, dm:temmé('(lan a:][edtmtent
I t atalyst unit is conposed of materials for
§§$t§m g?ﬁgfﬂ UAEY §2iaMROR aﬂgﬁ'&d‘dw%ﬁ,’fe%wh'%wwﬁ]ﬂwd
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vapposed ofi madentd!s ot Relectivily gaciing NOg! i1Rdaddifon, the
amoni a vapor into the inlet ductwork and 10 m xi ng
Meshatmalg aovwsises wherstemef mixingasroeeia vamr withtthedfue

' t . The mixing is facilitated by .
LE bRl b B o TRl XhRG b AGIALAL S BY i one
dueegdd o Phedthif 1985rhi@Wid LaBbA VRS thE Fhiel I JRAWOR and
in the stack to a horizontal direction in the 1nlet
thuxinaahle. arfheraanvapba vatiditie e yassysdretmel IBabtides tise _incget

f ' 15 nia injection gri
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The rate of ammonia addition is

The ammonia addition subsystem includes a source of ammonia
vapor, an ammonia injection grid disposed in the inlet ductwork, an
ammonia vapor pipe providing fluid communication between the source
of ammonia vapor and the ammonia injection grid, and a throttle valve
disposed in the ammonia vapor pipe. The rate of ammonia addition is
controlled by reg'ulating the throttle valve with an ammonia addition
controller. In a first control scheme, the throttle valve is regulated on the
basis of the flue gas flow rate and the level of NOy entering and exiting
the emission treatment system. In a second control scheme, the throttle
valve is regulated on the basis of ammonia carry-over. In a third control
scheme, the throttle valve is regulated on the basis of the fuel flow rate
and the composition of the fuel.

The flow rate of the flue gas through the major component
module is controlled by regulating the pressure decrease across the 1D fan

with a controller. A damper controlling the pressure decrease across the
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controlled by regulating the throttle valve with an
anmmoni a addition 20 controller. In a first control

W@ etven8sst he throttle valve is regul ated on t hECT/DS®0%033835

of the flue gas flowrate and the | evel of NOR

entering and exiting the em ssion treatnent system

In a second control schene, the throttle valve is

regul ated on the basis of amonia carry-over. In a
third control schene, the throttle valve is regul ated
on the basis of the fuel flowrate 25 and the
conposition of the fuel. The flow rate of the flue gas
t hrough the maj or conponent nodule is controlled by

ICe daih &t i megyuidtedpoesihier Baslewfedse IBCIa@ssSubpl bRHf @Bcharge
with a controller, A danper controlling the pressure
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suppP ana p

di'sCharge pressures and the differentia
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The plant al so has a boiler and a
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the feedwat er ﬁh gugh t he he%t exchange segnment is .
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obj ect of the invention to provide a nethod of

renovi k¢S 2a0PRiBrt at Hir e venganfiouwoyike anmethodsobemnoying

t renoval . of nman ollutants. It is also
ARBL 3 951 LRITNB 8 TR Bt S b oSy
s&Byhizg pollutants fromflue gas which is relatively
sinple to perform Qher objects and advant ages of
t he i nYeiat dlsn anl dbjbecorfrethelmvappanett providet Bemethod of
drawi.ngs and s qpifiﬁation. o k ) -
removing pollutants irom flue gas which is relatively simple to perform.
Other objects and advantages of the invention will become

apparent from the drawings and specification.

Brief Description of the Drawings

The present invention may be better understood and its numerous
objects and advantages will become apparent to those skilled in the art
by reference to the accompanying drawings in which:

Figure 1 is a perspecti\;e view of an emission treatment system
in accordance with the invention;

Figure 2 is a simplified, schematic view, partly in cross section,
of the system of Figure 1 installed on an ethylene heater;

Figure 3 is an enlarged, schematic, cross section view of the
selective catalytic reduction segment of ‘Figure 2;

Figure 4 is an enlarged, schematic, cross section view of Area |V

of Figure 2;
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woDkjoeotsssand advant ages wil |

Brief Description of the Drawi ngs The present
i nvention may be better understood and its nunerous

skilled in the art by reference to the acconmpanying
draw ngs in which: 20 Figure 1 is a perspective view
of an em ssion treatnent system in accordance with
the invention; Figure 2 is a sinplified, schematic
view, partly in cross section, of the system of
Figure 1 installed on an ethylene heater; Figure 3 1is
an enl arged, schematic, cross section view of the 25

sel ect |.ve catal red ction se nment

o oo e FUE s b gk s eth athE Trefhad hifsiBling the
' [ WO 2004/ 048852
é@%‘%@60§?§1§§g§ge{%rﬁFc?gj§%l%51 is a flow diagram of the

nret hod ch‘urerﬁtlalal flog thgrareansfsgieooprégaratiorndutsyspemdthe
egurel gure 6 is a flow diagram of the ‘
pad i daursauﬁ steps of the rret hod of Figure 5; 5

F| gure r Iow Lnjtlal

et a1 Tleh 8ah? 2 &iste b RiETR REaFL iR nPtgfon sue-
Etepar 6 the sehbd Q,w Frsm of the tie-in out age
sub-steps of the hod ‘of Figure 5; Figure 9 is a

si npl i Figsde &cherﬂactwcdwgrevm of thigicaimmoniageasidi-staps ofLthe
subgﬁat %? Fi ggre 10 is a sinplified, schematic.view
5i*'TRE ¥dr9enProl  system and Figure 1 1 is a
simpl i Hgfle SENLIRLAIGIY S¥NGhali S idRa s BHCERARNISia addition
subsystem;

Figure 10 is a simplified, schematic view of the fan control

system; and

Figure 11 is a simplified, schematic view of the heat exchanger

coolant control system.

Detailed Description of the Preferred Embodiment

As concern for the environment grows, greater efforts are being
undertaken to reduce emissions of known pollutants, such as particulate
matter, NOy, SOy, mercury, etc, by the promulgation of more stringent
control requirements. For the refinery and petrochemical industries, the
first of these more stringent requirements focuses on NO, reduction.

With reference to the drawings wherein like numerals represent
like parts throughout the several figures, an emission treatment system
10 in accordance with the present invention reduces NO, by SCR
technology, provides for future emissions control of other pollutants, and
is a stand-alone system that may be installed on the ground along side

the existing equipment, or on legs along side the existing equipment, or

becone apparent tRCT/O8XE3/033835
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wWQe@we48862 eat er efforts are being

cool ant control system 15 Detail ed Description of the
Preferred Enmbodi ment As concern for the environnment

em ssions of known pollutants, such as particul ate
matter, NON, SON, nercury, etc, by the pronul gation of
nmore stringent control requirenents. For the refinery
and petrochem cal industries, the 20 first of these
nore stringent requirenments focuses on NON reduction.
Wth reference to the draw ngs wherein |ike nunerals
represent |like parts throughout the several figures,
an em ssion treatnment system 10 in accordance with
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MiQxh Zheetchytleng” of dnkirogarbunnaekclies( Mitg Wikplr- mbk&lles
is fired by burners 14 |located at the bottomor side
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TR P et oA BB ec g Jeeasast ZHAve one or more

induced draft (ID) fans 20 located on top of the heater connected by a
vertical stack 22. Ethylene-cracking furnaces 12 typically run for several
years between significant outages and are a key provider of feedstock for
other processes within the refinery or petrochemical plant. Therefore, the
downtime to install an SCR is severely limited and costly to the owner.

SCR NOy removal processes are typically most efficient at
temperatures of 500 - 750° F. Gases at this temperature are typically
found just upstream of the ethylene-cracking furnace boiler feedwater
heating coil 24 and the ID fan 20. One conventional approach for an SCR
retrofit is to shut down the furnace 12, cut into the stack 22 at the
appropriate location, lift up the downstream sections and install the SCR.
This is much too time consuming to be an economically attractive
solution.

The subject emission treatment system 10 includes a stand-alone,

modular major component module 26, typically at ground level, that

undert aken POT/Ds0533835
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processes. Typically, ethylene-cracking furnaces 12
have one or nore induced draft (ID) fans 20 | ocated

worootogsssf t he heater connected by a 15 verti cedT/ESB0K033835

22. Ethyl ene-cracking furnaces 12 typically run for
several years between significant outages and are a
key provider of feedstock for other processes wthin
the refinery or petrochem cal plant. Therefore, the
downtine to install an SCRis severely limted and
costly to the owner. SCR N&R renoval processes are
typically nost efficient at 20 tenperatures of 500 -

if&Qdds aFETES sahnieht 28t enpsileatfesdivatet Heppiesahbyge Segment
just upstream of the ethyl ene-cracking furnace_hoil er

Fueatvhiteer D feat3hg Boi'fbanraniog’t Hee sERGaHP J@n &Heand the
conventional approach.fo n retrofit i
A ERE T A 858 DLl PR TE R it 24 el Wine
s@cgz opr tﬁff Bl QG teBimbhf $ystBmt 1@ il aRsildramheee ré@iifing
and install the SCR 25 This is nuch too tine
abgaajor mgoditichtorantcetenatiy ealetoracking dotriage 1 20(Tinis allpws

_The subj ect em ssion treatnent s¥st errblo.i ncl udes.f.a |
igstaatan gHethe RBURAIAN tFRATBIENE GsoR@nt OnBidfiicdt Sggniticantly

L ypi 0 L ) . 048852 TH .
‘B@?@%s@%ﬁ%&sgﬁgS“E%X’g%”ﬁdée%@g‘r?\ggéép'gaegeﬁent 2g,"Q MO
dpPhpSierftangnaleer 6 heat aR¥chRpRecd egiTRils abife aredgarunid) or
fan 32. By "abandoning" the stack ID fan 20 and the
ey loengopr at kthey exigtivec ubmideer!  e@dwitdyidnahtanpiication
coil 24 installed in th stack 22. th nm ssion _.
AR HEESS DeUeRTPs e B Ved ViI¥RolR Paatf rrrg ! ©©
@"@(/id@ijf@rr tH@gﬁfréé:s%td' st tQdien&iidyd enes BRASdbAGreatment

urnace 12. This allows 1installation of the em ssion
dyseatme 0l miysimy1drwheHDOR ssggmérfti 2&nt Tlye boiler feedwater
interrupting use of the ethyl ene-cracki ngsf ur 2

n

ere axgfBnge E8EHSABAP MBWhRES bigheaear &5° %Pﬁ@i%% than
VERAEROHDeF Ao NPT ARG st o
materials of the stack boiler feedwater heating coil 24, providing an
improvement in overall cycle efficiency and/or reduced fuel costs. The
stand-alone nature of the system 10 allows for future modification of the
SCR segment 28 or the addition of additional segments for emissions
control of other pollutants.

With further reference to Figure 2, the emission treatment system
10 also includes a blanking member 34 or bypass flapper 34' mounted
within the vertical stack 22, just upstream of the ethylene-cracking
furnace boiler feedwater heating coil 24. The blanking member 34 is
installed across the stack 22 to permanently cutoff all flow through the
ethylene-cracking furnace boiler feedwater heating coil 24 and the stack
ID fan 20. The bypass flapper 34' is installed across the stack 22 to

selectively cutoff all flow through the ethylene-cracking furnace boiler

feedwater heating coil 24 and the stack ID fan 20. Flue gas take-off and
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10 circunstances nmay require. The new, systemID fan
32 is sized to provide for the increased draft

WO egpaiosssaent s of the em ssion treatnment syst eP@0$2003/033835

principally for the SCR segnent 28. The boil er

feedwat er heat exchange segnent 30 may have hi gher

heat recovery efficiency than the stack boiler

f eedwat er heating coil 24, depending on the design and

15 materials of the stack boiler feedwater heating

coil 24, providing an inprovenent in overall cycle

efficiency and/or reduced fqiel costs. The stand-alone

nature of the system 10 allows for future nodification
c gren [ L1 L1 I

Bnhefeotil S8R e BregfrsE Brth e o e Y the

bPEh MG hmémnbleR®lyphed eTppee 340 Ehouhe RisttdiBvABireah0Bf the
treatment system 10 al so includes a bl anki ng nenber

s3ackoD hypass respppirel B4 Inlgb ducedoriidOheonnértedeot ilealgas
22, | f the_ethyl - cr.acki
Rk RAE PBBINGe POl Baineit Bl S aPTRGNCHrEe a2 1T PRRRT AR
pBRIBRT 0B ¢hd sn?}bp%o%?d?rﬂc 14 %trﬁ(:'éut?l%ttcﬂ.lctwork 44
[ ow t t

permanent|ly cutoff a roug e 25

cehhyt edetochi@e iy b s gefuun paeringod 8 andf tedvat &r ohepsteny |D fan
coil 24 and the stack _ID fan 20. The b{pass fl apper .
Iy providefdyid) srmidteation petwegokheostagk 34| ad ithe|pajor

SRt raadnBid TR st L, D e AR Rk R B
Landflurrgas rhal@e,cﬁafchmwg)ammﬂ@%gaw gg thirty (30) feet.

PCT/ US2003/ 033835 9 return openings 3 are forned
Rynanhie vainge I 2 ajyust pegisonedhin dfe ¢thew bR dwtivegn horizontal

ne r/ bypass. fl apper_ 34, 34" and just downstream of
PRer8s; UPRiGalALD 08 gk sl ile brasstEe dabt PRonghe
dohRegtiRdetn flue gas take-off opening 36 and an

inlet transition piece 42 in the upper end 5 portion.
of t heComyarticcampotieyt botieulapplbatiods chdviey SOR virskems

44 connected to flue gas return opening 38 and the
ganeraty &8 PRI @\u-bﬂ as a reductant and include an ammonia

addition system which provides a mixture of ammonia diluted with air or
flue gas to uniformly distribute the ammonia across the face of the SCR
catalyst, which is located a reiatively short distance downstream of the
injector. Accordingly, a conventional ammonia addition system consists
of a control system, a source of ammonia (NH;) vapor, a static mixer, at
least one blower, and an injector which includes multiple spray lines, each
having multiple spray nozzles. The ammonia vapor source injects
ammonia vapor into the static mixer. Dilution air is blown by the
blower(s) into the static mixer to dilute the ammonia vapor and propel the
diluted ammonia vapor out of the ammonia addition subsystem via the
injector nozzles.

The subject emission treatment system 10 includes an ammonia
addition subsystem 54 which takes advantage of the relatively long

lengths of the horizontal and vertical runs 46, 48 to provide for proper
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32 provide fluid communi cati on between the stack 22
and the major conponent nodule 26. The inlet ductwork

waleoodmedsszdles a hori zontal run 46 and a verti cedT/DS2003/033835

48, each having a nominal length of thirty (30) feet.
10 Dynam c vanes 50 nmay be positioned in the el bow 52
bet ween horizontal run 46 and vertical run 48 to
reduce the pressure drop through the el bow (Figure
4). Conventional utility boiler applications having
SCR systens generally use ammonia (NH3) as a
reductant and include an alonia 15 addition system
whi ch provides a mixture of amonia diluted with air
nmoxingl o:fetig;eaarhmdnﬂd fvapot yindihet flubwas streaammohha aacmossa
the face of the SCR catalyst, which is |ocated a
additign; sy siemr 640dseanmeet m&wﬁq C8HPBf aif Hlowess e Biyver

oQRE L0 W oGP R LR A TR AL TRES S onic

consi contro source

addNtdh vapgystem FRIIMsHtEEHf only gﬂréee%éjopnﬁ)rﬁ%)@ﬁ‘@{ts a
and an injector which includes nultiple spray |ines

centcsller Hetvi mgowtde: o hherspriay apor HiSesindTae aammoniaainjepom
nj.a vapor into the statig.m xer
ot A SOL T @ Sral iy e A min iy peg" pheoE 21 eeted.
§tcﬁEé§s§§'dxlﬁrgrte%téF a9 Sasmrmgrg@ B@HQrpr%%JraBﬁpg'%ltalled
the diluted amonia vapor out of the ammoni a addition
\Asﬂrbzsysm enO) feett dfethe2Staick] 2Lt @v staozzineser/diffessubidectay be
em ssion treatnent system 10 i ncludes an ammoni a

PRYEPPPSM mﬁobygwﬁﬁwwﬁdﬁ thalergnhdvaintheg ! @foQ Raust be

| |
0 k0 GO 0 2L O, i
aaﬂﬂﬁngﬂggﬁﬂaRg/dﬂ%@Q&e@@%ﬁﬁ] JOtHE ¥iiddodh dlor and the

ammoni a vapor in the flue gas stream The anmoni a
flagdgas.onTlseilisles tteanGdodosscadt? iahchedenttahaoe itontha major

cgh%\é?wrgatsamlfgﬁﬁ% 2®8mralgdjtséﬂ}ﬁ g%rg\%piga\r/ porlﬂbg%%tser%ixtﬁre
evenly across the inlet to the downstream SCR segment 28.

In addition, the AIG 60 is much simpler than the injectors of
conventional systems, having a much reduced number of spray lines and
no nozzles, the ammonia vapor being sprayed through openings in the
sidewall of the spray line. The exact number of spray lines and openings
is dependent on the installation specific parameters, such as the flue gas
flow rate and the required rate of ammonia addition. The AIG 60 is
preferably located within ten feet of the stack 22 to take advantage of
the turbulence within the flue gas steam created by the “bend” formed by
the blanking member/bypass flapper 34, 34' and opening 36. The
turbulence further ensures that the ammonia vapor is thoroughly mixed
with the flue gas. Analysis has shown that sufficient ammonia/flue gas
mixing occurs even if the AIG 60 is located in horizontal run 46 within
ten (10) feet of the stack 22. It is possible that additional analysis would

show that sufficient mixing will also occur at greater distances from the
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addi ti on subsystem 54 consists of only three major
conponents, a 5 controller 56, a source of ammoni a

wOoapen4dB8 and an anmonia injection grid (Al GCB0S2003/033835

Only a small dianeter anmonia vapor pipe 62 is needed.
As discussed in greater detail below, the AIG 60 is
preferably installed wthin ten (10) feet of the
stack 22. A static mxer/diffuser 64 may be
positioned in the horizontal run 46 in the event that
the AIG 60 nust be 10 IocaﬁFd at a significant

di stance fromthe stack 22 or to sinply provide

addi tj opal assurance of conplete mxing of the amonia
SPRBGI2-anierRELYE [R/6edas MoHING Tt MG EPOh TP
. i e 26:
of shPRpT AP PR S KR lor RRERogt Tnd R b lin I
ameiaris sbhfcd BBEtAS ehd W idovetsd N eaine PER sseg e the 28nmbbia
In addition, the ALIG 60 is much sinpler than the
vapgree soifficient ovens éult ranggl ofsspéreshed ambienytemagiures to
reduced number, of spr lines and no nozzles, the
p%@%&e {/ea%f'edogloﬁa%sﬁ¥%?/ed t hrough openings in the
sidewal | of the spray line. The exact nunber of spray
i nes and openings is dependent on the installation
speci fic paranmeters, sudWBi€ the flue gas 20 flow rate
and the required rate of amonia addition. The Al G 60
is preferably located within ten feet of the stack 22
to take @dvantageof—the—tur-butrence—wthin—t he fl ue
gas st egni\oraentedemperdtare hdds' VappnBdedsuret he
bl anki ng nenber/hypass fl apper 34, 34’ and openi ng 36.
The turbulence(fdsther ensur es t hR¥'8 he anmpni a vapor
I's thoroughly ni%ﬁp 25 wth the fl gas. Anal ysis has
shown that sufficient anmonia/flue gas _m xi hg occurs
even if [the AIG 6@y is |ocatled in hppgzontal fun 46

within ften (10) feet of the stack It is!possible
that additional apglysis wauld showothat sufficient
m xi ng wt—atso—ocecur—at—greater—dcistaneces—romt he

WD 2004/ 048852 PCT/ US2003/ 033835 11
With reference to Figure 3, the SCR segment 28 contains catalyst

units 66 which remove NOy. The catalyst units 66 are conventional
units, each having nominal dimensions of three feet - three inches by six
feet - six inches (3.25' x 6.5"). As shown in Figure 3, upper and lower
groups 68, 70 of catalyst units 66, each including one to eight units 66,
may be positioned within the SCR segment housing 72. Intermediate
support rails 74 carry the weight of the upper group 68 of catalyst units
66, while allowing the flue gas/ammonia vapor mixture to access all of
the catalyst units 66 contained within the SCR segment housing 72. If
only three catalyst units 66 are required to remove the NOy, a blanking
mechanism 76 may be included in the SCR segment 28 to selectively
block half of the catalyst units 66. Such a blanking mechanism 76 may
comprise one or more flappers 77, 77' which each have a single side

edge pivotally mounted to opposite inside surfaces of the housing 72.
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stack 22. The notive force for injecting the anmoni a
vapor into the flue gas stream nmay provided by the

WO 2pan4gssessure of the ammonia in the anmoni aPGDUSE3/033835

58. As shown in Table 1, the pressure of the amonia
vapor is sufficient over a full range of expected
anbi ent tenperatures to 5 provide the required notive
force. TABLE 1 Anbi ent Tenperature NH3 Vapor Pressure
( F) (psia) 30 60 10 70 1 29 100 242 Wth reference
to Figure 3, the SCR segnep# 28 contains catal yst
units 66 which renove NOR "‘The catal yst units 66 are

i onal__ uni each havin noniqa@ di nensi ons of

'8t

cqonve units,

IRt TapgET 7 7% 'ﬁr'aéﬁ?ef@h%%a"ugpea OSIYBN{@RWING TIQw HERE
' 1oy i-0 cEi 1B
hPemalvst ity B8 Ancrapiidef (12h B 777 et Riodf I 16 M i
hbeizemtght cleset Spdition Npyevieatipgsildwotted ught thien chtudy SChhits

segnent housing 72. Internediate support rails 74
disposgd tundeageilapierof 7t heAappercajplysp Wetsof Scdisapgad under
uni.ts 6. whil |l owi,ng t hefl ue gas/a nia, vapor.
HPRrer 2 tarBe sBeien §PPa  fe 't Cra g UE S dngar tcal,
o?@xﬁ‘b@bﬂ%@'\ (BIbWiky HB PEHuSeaERitalRYintg 6@ diddose@Ninder
hree catal yst units 66 are required to renove the
fingher d 70).arfkapger A@cimayi senr@Bosttipnee tontheaidézsednpoicion.

CR segnent 28 tg sel ectivel bl ock hal f of the
Lo RANNGY FRRRE .”@c’ﬁ”ﬁ'%l‘%ﬁl& RBEPRORRIANS P AGOMRYSe of

TR 0, PeTRE LG5 1 b M 8E0 e
thaguddesunf adeex@lectdie thaUsdpip@r 727 WD @4 /H4888580oned in
tﬁg{otésezggs%{igr??gglsy ﬂa:llgper 77' need be installed.

Alternatively, the SCR segment 28 may contain upper and lower
groups 68, 70 of two catalyst units 66 or a single layer of one to eight
catalyst units 66, depending on the amount of NOy which must be
removed and other application specific considerations. If space permits,
and if other pollutants (e.g. CO, hydrocarbons, etc.) must be removed
from the flue gas, catalyst units 78 targeting such other pollutants or
catalyst units 80 removing NOy plus such other pollutants may be
included in the SCR segment 28. Alternatively, the housing 82 located
above the SCR segment 28 may be converted into a second SCR
segment to provide for removing additional NO, and/or other pollutants.

As noted above, the emission treatment system 10 may be
installed without significantly interrupting use of the ethylene-cracking
furnace 12 by eliminating the need to make major modifications to the
stack 22. The impact on the plant is further reduced by the modular
construction of the major component module 26. The major component
module 26 includes upper, middle and lower sub-modules 84, 85, 86.

The lower sub-module 86 includes the ID fan 32, an outlet transition
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waele@possss2z under fl apper 77) and fl apper 77

Initially, flapper 77 is in the vertical, open
position (allowng flow through the catalyst units 66

hori zontal, closed position (preventing flow through
the catalyst units disposed under flapper 77'). As
the catalyst units 66 di sposed under 5 flapper 77
becone depleted, flapper 77" is repositioned to the
vertical, open position (allow ng flow through the
catal yst units 66 disposed under flapper 77").

Fl apper 77 may be repositioned to the cl osed position.

éﬂe(;gfglglt ét\f?o&/ow% QRB%n?r}lﬁXxé?’mb{‘sh?wfﬂg‘iaFPFb‘?nwhfch are

osition Oow use o any residua renova

GRmbed IdnYaCSasIehﬁla@@t% y Theuniddie Gsﬁxbdm%ﬂa&eaiil&cludes the
t her eunder . is expected that flapper 77 wl
h@axeeX%@ns@sqeg|naﬁféoB® n h@h@p@r §4b- rp@@tplﬁu%‘h mcaimisys the SCR

SRR 2B dnd S anEn A oE e A bRth GBS BEmangles

8, BYO gwalAkiysd tHMition @Qo‘%eﬁt@hé}gﬂlﬁ b&Y @FacRbr afed. O
eight  catalyst units 66, depending on the anount of

NOx whAith mieserdresel So r Bigovesd aBd losméhatlappqucme ogmission

speci fic conside atlons I f sp Fge permts,

BEREPEpbEYateint L (ageladueivhyiamRie & Berss, RIPY '%1n97uei aggw
e e a a t

BETRSe g URBHTA B S L WP heth) . Foamel seipen

Betiviesg A@urpbys oSla@hv@TeBeafre pehlivédniice FRICEDI® preparation
i ncluded in the SCR segnment 28. Alternatively, the

Raukirngesarrivet af ébe zoajab@omorm@ns@mcé@gr%@n ieyaliagion

ed t t ot de f
SRRt HE motlpf cmSroe Anarisr 280t s PBAHE 9 gd an
EBb%r@?@Y@undJ’cﬁ;rﬁﬁ%ﬁﬁl‘e@@é REQLER MstaVRIReMild MRy IQ@atlon

installed without significantly interrupting use of
pheheflbgl gasetakeaciiang refurmnamsnid@s BY, 89 mustbendetehmined

%%Zdifwﬁa%?ﬁﬁmﬁamgqﬁg?ﬂ'lﬁ%a?ah?c?%@%u‘?véa'%ﬁeg?@%bfﬂtqnﬁéeﬁzi 0o.
SR s A - BRI PR A & B
amnebtIbenwelensitibd Mool €84 840685in86, all control system interfaces
must be identified 108. It should be appreciated that the majority of
these tasks may be conducted in parallel.

Initial installation 110 begins by setting 112 the lower sub-
module 86 on the foundation with a crane and securing 114 the base
plate 90 to the foundation with anchor bolts (not shown). The crane is
then used to set 115 the middle sub-module 85 on top of lower sub-
module 86, set 116 the upper sub-module 84 on top of middle sub-
module 85 and the three sub-modules 84, 86 are welded 118 together.
The crane is then used to set 120 the inlet and outlet ductwork 40, 44
in place, along with its appropriate support structure, and the ductwork
40, 44 is connected to inlet transition piece 42 and outlet transition

piece, respectively. The ammonia injection grid (AIG) 60 is installed 121,

i SPETUS1903/033835
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The | ower sub-nodule 86 includes the ID fan 32, an
outlet transition WO 2004/ 048852 PCT/ US2003/ 033835 13

wpr@em4882, and power and controls boxes (not SPOIIF2003/033835

all of which are nounted on a base plate 90. The

m ddl e sub-nodul e 85 includes the heat exchange
segnment 30. The upper sub-nodul e 84 includes the SCR
segnent 28 and the inlet transition piece 42. Each of
the sub-nodules 5 84, 85, 86 is sized to fit on a
conventional flat-bed tracfldr trailer. Wth reference
to Figures 5-8, installation of the em ssion .
inekine monggstiem w0 the anmeinia ivagby siurpe e5Pr odexmecting

R e i S
ONTRST S 500, ST 98 L, Bl dpois

armdTpBreetnaoct &t s tihe imeteddraddtiony pipine 1@6 ishein 128
maj or conponent nodul e 26 nust be selected 94 and an
kgipraspy the eenolpetatXxdranaes sgpment 930 andstihheat exchanger

eRE Tl RS b coPeleRrBLAGRE oBbahlE: LedRalf 30, Lo
t98.crdme afsiat 8@6@?%%@ hakersof 30 ard{RIED 185t0 BR: major

identified 100. 15 Sources for the ammoni a vapor,
@irepemnéntspowstyle aRd. cofte ohsaumefitétioreded)stalledtansk the
i denti fied 123, &04, 106. Finally, all control system
IR AP MIged b G HBRL PP 10rl dRduingtiyenentation

N REHR eéjretiné}{all'épg] AR \QE .tt¥1eoéorr%%%g{irﬁgﬁsky%téﬁ%daﬁces.

conducted 1 n paral . Initial 1ns

Piegi ostabystsehitsNG 6l ate 2|dalded! @ isubhe 28 CROHEEN &R @B,
the foundation with a crane and securing 1 14 the base
ppENRISHON{Y BAE Hrewierdtiroaediitels aractrdusdpds! IotDuring a

SRl TR PR 2 PRIy e 0Nt g cgenines
361 38 ate Gut NG URABISHKIAAREE] 8484401 [RPalRld ThAdLRKin the
sub- nodule 85 'and the three sub-nodules 84, 86 are
stecded2] amdtdgetieet .exchanger feed and return lines 126 are
connected 146 to the heat exchanger segment 30 and the take-off and
the return. Finally, the ethylene-cracking furnace 12 and emission
treatment system 10 are started-up 150.

As discussed above, the motive force for injecting the ammonia
vapor into the flue gas stream is provided by the vapor pressure of the
ammonia in the ammonia source 58. With reference to Figure 9, a
throttle valve 152 in ammonia vapor pipe 62 controls the flow of the
ammonia vapor into the AIG 60. Preferably, valve 152 is controlled by
the controller 56 on the basis of the flue gas flow rate, the amount of
NOy entering the emission treatment system 10, and the amount of NOy
exiting the emission treatment system 10. A flow sensor 154 positioned

upstream of AIG 60 and NOy detectors 156, 158 located upstream of

AIG 80 and at the outlet of fan 32, respectively, provide the necessary
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W@Pp@HOMmSsat e support structure,

25 The crane is then used to set 120 the inlet and
outl et ductwork 40, 44 in place, along with its

44 is connected to inlet transition piece 42 and
outlet transition piece, respectively. The ammoni a
injection grid (AIG 60 is installed 121, WO

2004/ 048852 PCT/ US2003/ 033835 14 includi ng connection
to the anmmoni a vapor source 58. Connecting flanges
122 are wel ded 124 to the stmck 22 at the | ocation
where the flue gas take-off and return openi ngs 36,

ﬁélu% o QSn%tler g tQp@(EHtP&Sal?rﬁ‘noﬁlrédaé&t@helr{‘%lsc%arﬁ{er

s tine. Interconnecting piping 126 1s run
bétevwestivdiyne amewoheatadektdrangey lsegmm*ttolﬁa@i amd thbebdimatof
exchanger take-off and return and connected to heat
aBREnaMigefarse@yentor3gin. udiongconthe y Hie mgaNA: an ammonia

BLALLOL D RA0 LAddets L3 e STMIN 63320 01 ey Thi ke,

conpone nstrumentation 1s 1 ns

aRermiafige, amﬁ)dsma RN frR§dbe @bAELIEE POWRS bagiontfItak, fuel
and i nstrumentation 10 connections are installed 134

flownh the tber rbwpgrrsdl hg sarut efineleiosrasitiqine adat wlopst fuel.

nits 66 are ded in t nent 2
kicocRsfipte | Bad Ry Sodrardepheuaeh corLpYet SR e fuel
&gﬁtropﬁjéhrﬁ? tﬂe fgm?fcgw £¢, Ebﬁfr‘oplrpﬂwt@%rgﬁq Arﬂﬁw&lné‘%apor
gas take- of return openi ngs are cut
flbev blagrild dmmfrterecsuy pBgsures tengieadivee ahd4lom tdlaterctbrsm 66,
15 stack 22, and the heat exchanger feed and return
168es! A disposed dp RAUPPBE 1RRPIRIPEHZ heat exchanger

Segm‘v‘”\/v%‘? Afedd otlg‘iléﬁreOf'IE g?‘g&ertﬁgwrc?ft e”ﬂué:'g%%"twough

the et hy ené-crac and em

theamRRlors Yeheme AP s@rsﬁerﬁt A0 tigdmdmtabld 5"? éjlo%ﬁUr%ﬂéﬂ 172
above, the notive force for injecting the amonia 20

vdpohn cpntr@lsﬂw posidoyad asdaropen ﬂ§3pncme ddeit by farh@2 on‘the
éa or eof the ammonia, in,the ni a source

gPeﬁggp&vop,&?sgsg,r% ghe fan dlsc arge pressure, the

dlfferentlal pressure across SCR 28, and the differential pressure across
heat exchanger 30. Pressure detectors 174, 176 at the inlet and outlet
of fan 32, respectively, and differential pressure detectors 178, 180 on
SCR 28 and heat exchanger 30, respectively, provide necessary inputs
to controller 172. The temperature of the flue gas stream may be
monitored by a temperature detector 182 positioned upstream of AIG 60
(Figure 9).

With reference to Figure 11, a feed pump 184 in the heat
exchanger feed and return lines 126 controls the flow of the boiler
feedwater through heat exchanger 30. The speed of pump 184 is
controlled by a controller 186 on the basis of the boiler feedwater
pressure and temperature. Pressure sensors 188 and temperature
sensors 130 positioned in the boiler feedwater inlet and outlet of the heat

exchanger 30 provide the necessary inputs to controller 56 to feedwater

and t he duct woP&T/U403/033835
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throttle valve 152 in amoni a vapor pipe 62 controls
the flow of the ammonia vapor into the Al G 60.

woe@hesssbl y, valve 1 52 is controlled by the PCT/US2003/033835

controller 56 on the basis of the flue gas flow rate,
the anmount of 25 NOx entering the em ssion treatnent
system 10, and the anobunt of NOX exiting the em ssion
treatment system 10. A flow sensor 154 positioned
upstream of Al G 60 and NOX detectors 156, 158 | ocated
upstream of Al G 60 and atqghe outlet of fan 32,
respectively, provide the necessary WO 2004/ 048852
RS i SRROAARIBISror Bel B Bl 6N 09! 1874 56 1h flue gas
control anmoni in I'S manner .
shidaei npktreahy andraenhstrestei ¢ heathaychengeorl0 otdspectnely,
the basis of ammonia carry-over or slip. For control
aflaw Hesetfimenrgy, ohitharshexchanaes &0 10 be rﬁﬁylteée

posi ti-oned at .t tIe of fa not

Bt er MRB VRSl st biet it ey A st PaPY & WliEhae
BA8LS lr‘r)ftreta"t‘i‘?\gfﬂ@é gab |F%er¥g°||1ttf%eorbH6 RN 14f QUH‘UF epresent
conmposition of sucCh f I nt erconnections 162 may be

o rexpied et txebwaﬂasermmmrthiel Bue §6sanach khelftiuetustdomrerobved

164 of the furnace 12 to control S nmanner.
befiersing NgHess GFF%W%ﬁ%SWP%?gd Eb ﬁ@?&&P@pO”e“ts
ﬁ&&'@@@é W gls@”@esfclr%\gddaq}o%tﬂﬁ v%gﬁ % té’ﬁs Thé Benefit of
I Sposed 1 n anmoni a vapor pi pe th reference to
shic W @erti@al pyaapeyisfthanitabdtdss tHeugzgas thd fedgbrint feguired
em ssion treatnment system 10 is maintained by a
feprnstalling the modgyie 6 c onewevsr.t lfﬁethsoféliottiﬁfmfoﬁlzﬁ is not a
danper 173 in.the inlet gf faal gn t he basng f thea
éﬁeg‘upém PR GPEPYRETT JROAHEC R §Rpr RESTIPER !5 &S
%35 z@hftélesr\%@éﬂnalthgrre%§fsb+'b@m‘?ﬁ%%%ﬁlesg&g&l t&Rfe ts”@% and heat
Ifferential pressure acros eat exchanger 30.
drobasye segetaat @S 304, 176 at the inlet and outI et
of fan 32, respectlvel , and differential pressure
det ect¥pEY128hY! fnwrwm@cﬁw@s%ﬁw ReahaV@xcrﬁ%@ pn3gfirst

, d'eqrcépgﬁgﬁ’v?dv}é NBr %\Urggrsnﬁocﬁegoet% benpéHwﬁsSlons to levels which

were acceptable under the old emissions standards. However, newer
“second generation” low NOy burners must be used to attain levels which
are acceptable under the new emissions standards. The second
generation low NOy burners adversely affect the efficiency of the furnace
12 due to the different flame shape and heat distribution produced by
such burners, compared to first generation low NOy burners. [t should be
appreciated that the use of the emission treatment system 10 allows the
continued use of the first generation low NOy burners, thereby
maintaining the ethylene-cracking furnace 12 at peak efficiency. In
addition, burner control systems may be used which optimize burner
efficiency.

While preferred embodiments have been shown and described,

various modifications and substitutions may be made thereto without



to controller 172. The tenperature of the flue gas

stream may be 20 nonitored by a tenperature detector
wadd4pessst i oned upstream of AIG 60 (Fi gure 9)PCEANUS1903/033835

reference to Figure 1 1, a feed punp 184 in the heat

exchanger feed and return lines 126 controls the flow

of the boiler feedwater through heat exchanger 30.

The speed of punp 184 is 25 controlled by a controller

186 on the basis of the boiler feedwater pressure and

tenperature. Pressure sensofs 188 and tenperature

sensors 190 positioned in the boiler feedwater inlet

and outlet of the heat exc ger 30 proyvide th
dFREBY gt ﬁﬁ&?ﬁ%@@%@ﬂ@%@ﬁ HiFByeitof cdifradingip it is to
b@%%/epﬁééé%hg ??&%%Qﬁ\?&?t%n B8s foLaeré&cHB'ea BRI of
Tenperature detectors 192, 194 in the flue gas am
illupshtieamndntbdawitativaam of heat exchanger 30,
respectively, allowthe efficiency of the heat
exchanger 30 to be nonitored. The em ssion treatnent
system 10 descri bed above is intended 5 for use in
treating flue gas having little or no sulfur. If
sulfur is present or expected to be present in the
flue gas, such sulfur nust be renoved before the flue
gas enters the SCR segnent 28. The maj or conponents
nodul e 26 is al so descri bed above as a vertica
system The benefit of such a vertical systemis that
it reduces the size of the foot print required 10 for
installing the nodul e 26. However, if the foot print
size is not a concern, the major conponents nodul e 26
may be installed as a horizontal system thereby
provi ding easier access to the SCR and heat exchange
segnments 28, 30. Many et hyl ene-cracki ng furnaces 12
have relied on "first 15 generation” | ow NOx burners
to reduce NOx enmissions to | evels which .
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WOt/ osssased to attain | evel s which

wer e acceptabl e under the old em ssions standards.
However, newer "second generation" |ow NOx burners
are acceptHDE®03/033835
under the new em ssions standards. The second
generation | ow NOx burners adversely affect the
efficiency of the furnace 20 12 due to the different

fl ame shape and heat distribution produced by such
burners, conpared to first generation | ow NOx burners.
It should be appreciated that the use of the em ssion
treatment system 10 allows flBe continued use of the
first generation | ow NOx burners, thereby naintaining
tWhattshglhimned ¢s:acki ng furnace 12 at peak efficiency.
In 25 addition, burner control systens may be used

whi ch optim ze burner efficiency. Wile preferred

o000 IRy 08 15, PSR IS B I3RS AL rion
Wddt@idht %&Q@%M@é%a?%ldﬁ&%é&%ﬁ@@% plhAt %%K}ﬁ{gf bRE or

fromthe spirit and scope of the invention.
Aperer dlinmgtsy jodated sittam inbd antdlet st\@oﬂcalhfaexrtelmeilrm etk the
i.pvention has been d c i be [lustratio

e B Prihee ScoRro T i v A sa e R0 B0 3BeE. the
Je?’nrsmﬂttrleé%rﬁem gfgte'rﬁ |n9iud?%ﬁ”§tnl?@gr c%?ndﬂcﬁ{g?\vc' r%gdule inlet
pol 'utants from as Wt m ssi treatne

syetwork, tdrel bltiet @@@tvhﬁkngh@errmrawaﬁpbyrem phaddle rr@wrrrggan
one or nore burners located at an inlet end of a
\%P‘?i%ﬁbﬁm%'fex@efh‘éﬁtngx@'ﬁ%nﬂ@f semment,| ard s |Peffaiy the SCR

| d of , _the.
SeREALORA B! Bt Kt o et o SR Comairasle for
ng(HbtiQely @ét@tyzrrﬂ}lgf Vé%%{( oné'b@ll@féﬁw't ethed W Koutidteductwork

maj or component nodul e havi ng an
providing fluid communications between the stack and the major

component module, the method comprising the following steps:
drawing the flue gas from the stack and through the major
component module with the ID fan;
removing the pollutant from the flue gas with the SCR segment
of the major component module to produce a clean flue gas; and

discharging the clean flue gas to the stack with the ID fan.

2. The method of claim 1 further comprising the step of controlling
the flow rate of the flue gas through the major component module by

regulating the pressure decrease across the ID fan with a damper

controller.

3. The method of claim 2 wherein the step of controlling the flow
rate of the flue gas comprises the sub-steps of:
monitoring ID fan supply pressure with the controller:

monitoring ID fan discharge pressure with the controller:
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SCR segnent, a heat exchanger segnent, and an |ID fan,
the SCR segnent having at |east one catal yst unit

w@eospossss2 of materials for 10 sel ectively cat abGRUSZP03033835

| east one pollutant, the inlet and outl et ductwork
providing fluid communi cati ons between the stack and
the maj or conponent nodul e, the nethod conprising the
foll owi ng steps: drawing the flue gas fromthe stack
and through the najor conponent nodule with the ID
fan; 15 renoving the pollutant fromthe flue gas wth
the SCR segnent of the major conponent nodule to
produce a.cl.ean.flue .gas; and _dischargi t he cl] ean

Pl ve. gReRitgria g ceitraiendiRadtoly 1 5P sidnt AR e
&ntediprm 1 further conprising the step of controlling
the flowrate of the flue gas through the major
conponeohitopitgl elitfgrer2ial r pgpskatd nacrobe phesheae exchange
decrease across the ID fan with a danper controller.
SEIMPRE WithhEe eentEplarnePdwherein the step of

fggt gaﬂgbg[kgbridqg?é lp?%‘ltiorna&le aoéeiﬁggra&bgﬁrggﬁﬂ; o?qufainsgﬁ the

nitoring pressure

Wadif of R eCONtaPLigply ardd diseRiafdY bRéssiipad andditechiafegential
pressure with the controller; WO 2004/048852

PEFHWSS0D3LO3 383 SCR ondteat exEhena feements.al pressur e
across the SCR segnent with the controller;
nonitoring differential pressure across the heat

gxchangge ns&HRNG: Wath 4 ugqeff&gt{h%' 48 :ofa@@néompgltgef%%w

regul ating the position of a danper uUpstreamo
@e bhehe BasigasafonhbrésdsBhe anbsgtpploy rameltshirse tres genperature
pressures and the differential pressures across the

ctheafle westindReralsgdustyREnt s.

5. The method of claim 1 wherein the pollutant to be removed is
NOy, the emission treatment system also includes an ammonia addition
subsystem in fluid communication with the inlet ductwork, and at least
one catalyst unit is composed of materials for selectively catalyzing NOy,
the method further comprising the step of mixing ammonia vapor with

the flue gas upstream of the SCR segment.

6. The method of claim 5 wherein the step of mixing ammonia vapor
includes:
injecting ammonia vapor into the inlet ductwork; and

mixing the ammonia vapor with the flue gas over the length of

the inlet ductwork.

7. The method of claim 6 wherein the step of mixing ammonia vapor

also includes creating turbulence in the flue gas by changing the direction
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4. The nmethod of claim3 wherein the step of
controlling the flow rate of the flue gas conprises

W0 bw4oussst ep of nonitoring the tenperature 1BCDIS1008033835

flue gas in the inlet ductwork. 5. The nethod of claim
1 wherein the pollutant to be renoved is NOR the

em ssion treatnent system al so i ncludes an ammmoni a
addition subsystemin fluid comunication with the
inlet ductwork, and at |east one catalyst unit is
conposed of materials for sgéectively catal yzi ng NOR
15 the nethod further conprfsing the step of m xing
amoni a vapor with the flue gas upstreamof the S

. e g CR
§égfﬁﬁ119.as6.'°‘7l’hé’°ﬁ%t%ﬁﬁrtk9ﬁ‘ SIT8EHPB RhEIesRthEe & 56"6‘?“1?3'
b X] AR I phcl udes: injecting amoni a
@éé%ﬁg?nto ?ﬁ@e?{ﬁﬁgﬁwah@tw k; and 20 m xi ng the
amoni a vapor with the flue gas over the |length of
the inlet ductwork. 7. The nethod of claim6.wherein
Bhe st épechethod afjclaimbnivhetrcipdhe aamonianadidities subsystem

i t ur bul i the fl hy .changi ng. t he
i8S & SOUS o BbAT oS Y oBRr AP O T8 459810 G A peged
HES PR AUSYO U3 038 a6 PPaee
ARote OISt OGEnYSIK,| SR iRy Oabdr | Bibed! gNidifly A fluid

eotrimochio&tich detwéemhbe ebardehef @anmooriia vagdr tihdnthe ammonia

subsystem includes a source of amonia vapor, an )
HHARYEH OTiH) S6di dANLTE valvepdisegsed in she peningne vapor pipe,

g@%?u‘é‘% Kt Ali 2 \N'egp]i‘z’:\f\ﬁagforpé@oeirPcﬁQéﬁb%&at%th the rate of

I catlon source o nia vapor an

taRemaRTRdAitid ML téQNatid dheatitottid N4 |\Rithahy @ammonia
di sposed in the ammoni a vapor pipe, the step of

@idditinp eemaller.vapor al so i ncluding controlling the
rate of ammonia addition by regulating the throttle
valve with an anmoni a

9. The method of claim 8 wherein the step of mixing ammonia vapor
also includes biasing the ammonia vapor into the flue gas stream with the

vapor pressure of the ammonia in the source of ammonia.

10.  The method of claim 8 wherein the step of controlling the rate of

ammonia addition includes:

monitoring the flue gas flow rate with the ammonia addition

controller;

monitoring the level of NOy entering the emission treatment
system with the ammonia addition controller;

monitoring the level of NOy exiting the emission treatment system
with the ammonia addition controller; and

regulating the throttle valve on the basis of the flue gas flow rate

and the level of NOy entering and exiting the emission treatment system.
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10 addition controller. 9. The nethod of claim8
wherein the step of m xi ng ammoni a vapor al so

WO pakiebss2 bi asi ng the anmoni a vapor into the fPUBUSNE3/033835

streamw th the vapor pressure of the ammonia in the
source of ammoni a. 10. The nethod of claim8 wherein
the step of controlling the rate of 15 ammonia

addi tion includes: nonitoring the flue gas flow rate
with the anmmonia addition controller; nmonitoring the

| evel of NOX entering the em ssion treat ment system
with the amoni a addition cdhtroller; 20 nonitoring
the |l evel of NOx exiting the em ssion treatnment system
Wilt h t e anebvoidaofaeldint iBowhewmin tid btap; ofndntreljobahengte of
t he thr?ﬁﬁtcjtle val ve .on the basis of the flue gas flow
prayTgoniy Hen (RS Nox entering and exiting the

04
pCr UsIOSBRISERE P i SR 1 fan e
wher ei redutetirsd efe tirocttent slok ldnnithet hesis alf @noiondaraamiyaver.
addition includes: nonitoring the | evel of ammonia
exiti ng the ID fan; and regulating the throttle val ve
the asis n rr
ol T RN GBra IR B E R e B hisrof FéyroBe HEp 486 of

gmm@y,,g FHHibh elL@sd.udes: nonitoring the rate of fuel
flowto the burners with the anmonia addition

cont r ohtcmitormgntttemaitmgf fue foovposhe bamet wite thaemmonia

m‘rﬁngl a addition 10 controller; and
Pé@*&t@&ﬁ?{& throttl e valve on the basis of the fuel

flowr ﬂtcﬁtlt’?ﬂﬁ]\g the composition of the fuel with the ammonia addition
controller; and

regulating the throttle valve on the basis of the fuel flow rate and

the composition of the fuel.

13. The method of claim 8 wherein the step of controlling the rate of
ammonia addition includes monitoring the pressure, temperature and flow

rate of the ammonia vapor flow in the ammonia vapor pipe.

14. The method of claim 1 wherein the plant also has a boiler and a
feed pump circulating feedwater to the boiler, and the heat exchanger
segment includes feedwater feed and return lines, the method further
comprising the step of controlling the flow of the feedwater through the

heat exchange segment by regulating the speed of the feed pump with

a pump speed controller.

15. The method of claim 14 wherein the step of controlling the flow

of feedwater comprises the sub-steps of:
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wa@oadaiisss2 i ncl udes nonitoring the pressure,

the conposition of the fuel. 13. The nethod of claim38
wherein the step of controlling the rate of ammonia

and flow 15 rate of the ammonia vapor flowin the
amoni a vapor pipe. 14. The nethod of claim 1 wherein
the plant also has a boiler and a feed punp
circulating feedwater to the boiler, and the heat
exchanger segnent includes feedwater feed and return
lines, the nethod further (‘Z(f)n'prisi ng the step of
controlling the flow of thg eedwat er through the 20

P2l Sxehanic, OB, B S8 ! B SResS l,  on
Wa,%%e?g C%Inglidne;l_ﬁ wherein the step of controlling the
oo

feedwat er conprises the sub-steps of: WO

2004/ 0A8RBerim-THIER00S03BERX5 heX2 e dmait&roini 1hg feled line with
pressure of the feedwater in the feed line with the
therprepseged dnt@lllesr ; nonitoring the tenperature of

the feedwater in the feed ljne wth e , .
cont r anpatbAas i e i GibpieEuble! BF o PR AREE wpn
i gUip'sPledltdnitiflew th the punp speed controller;
nmonitoring the tenperature of the feedwater in the

r et ur mbniteringithle teheperatpesplette tearwatdrein; thendeturn line
re%ul ating the feed fog on the basis of the feedwater
WD IBFRYTER §PEed FPYREE LR in the feed and return

i nes. The t 0 ai ur r o I $

the st/ SHoITae B by ot Sbo sl °the Trigater
@aspdratirbeandGR esegreeint thantbedhend Rtlianlined7. A net hod

for removing NOx fromflue gas with an em ssion

16. The method of claim 1 further comprising the step of monitoring
the temperature of the flue gas in the SCR segment and the iD fan. -
17. A method for removing NOy from flue gas with an emission
treatment system, the flue gas being generated by a plant having one or
more burners located at an inlet end of a vertically extending stack, the
flue gas being discharged through an outlet end of the stack, the
emission treatment system including a major component module, inlet
ductwork, outlet ductwork, and an ammonia addition subsystem, the
major component module having an SCR segment, a heat exchanger
segment, and an ID fan, the SCR segment having at least one catalyst
unit composed of materials for selectively catalyzing NOy, the inlet and
outlet ductwork providing fluid communications between the stack and
the major component module, the ammonia addition subsystem being in
fluid communication with the inlet ductwork, the method comprising the

following steps:

t ePQEEUSL003/633835
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wo poe488szl of a vertically extendi ng stack,

treatnment system the flue gas being generated by a
pl ant having one or 15 nore burners |ocated at an

gas being discharged through an outlet end of the
stack, the em ssion treatnent systemincluding a
maj or conponent nodule, inlet ductwork, outlet

duct work, and an anmoni a addition subsystem the
maj or conponent nodul e havi ng an SCR segnent, a heat
exchanger 20 segnent, and a?3ID fan, the SCR segnent
havi ng at | east one catalys unit conposed of

materials for selectively catalyzing NOx, the inlet )
and | oGFREINGIBINR q)arso&oavn@*e)r/ Stk eRmieosh B malor
%ﬁ%&%n‘t‘?ﬁo@&l@%tﬁ%e lphénmal or conponent modul e, the
a nia additi

on subsystem being in fluid

comuniifjattifg WhirhohiBe vapbetinesicthaoriklett Bact@bhodwith the
conprising the 25 follow ng steps: WO 2004/ 048852
RATHOS20DBII08B83Hsye®ndr awi ng the flue gas fromthe

stack and thro he maj or ., conponent e wth th

| D fanfemﬂ}’@@t’iﬂﬁg\‘ém éh?/gHSrgaianthHttHS %L‘#Itéfgmem of the
%lﬁ b pHnbRt hgyuI8 B auaE @i dIEaR fRidbsaStAE S

re E)ﬁlieng p;MHthN()( fur om the :‘JI ue gas vvitﬁét he SCR
segnentdiszhatfieg thej dearc diupayesnto todsetaekt withr teduldefan.

cl ean flue gas; and discharging the clean flue gas to
the stack with the ID fan. 18. A nethod for renoving

I\f%( fr %nr;w!a{’ﬁeobog?gr %%gv?'g;[ z\g@ Sﬂo‘?ﬂ f1b& fg%”\?\mh S¥SEflsion

the flue gas bei hg gene by a plan avi ng one or

TReaBiedt BYE R StHeOt@d gds @*eir@l%érﬁﬁr@tecﬁbd 2pladt having one or
vertically extending stack, the flue gas bein

dneshbygeds idﬂﬂi_@@lﬁtm i@_iﬁtl aid ehd wErtichley sxeariding Keack, the
ERCECH I R LR T —
itdpﬁbﬁﬁﬂb SYSi&ANS Hel RANF PREQGHREMRRAG MRS Wh & boiler,
the emission treatment system including a major component module, inlet
ductwork, outlet ductwork, and an ammonia addition subsystem, the
major component module having an SCR segment, a heat exchanger
segment, and an ID fan, the SCR segment having at least one catalyst
unit composed of materials for selectively catalyzing NOy, the heat
exchanger segment having feedwater feed and return lines, the inlet and
outlet ductwork providing fluid communications between the stack and
the major component module, the ammonia addition subsystem having
a source of ammonia vapor, an ammonia injection grid disposed in the
inlet ductwork, an ammonia vapor pipe providing fluid communication
between the source of ammonia vapor and the ammonia injection grid,
and a throttle valve disposed in the ammonia vapor pipe, the method
comprising the following steps:

drawing the flue gas from the stack and through the major

component module with the ID fan;

t heCT/U81903/033835
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ductwork, outlet ductwork, and an ammoni a addition
subsystem the 15 maj or conponent nodul e havi ng an SCR

wWGaegabmss2 a heat exchanger segnent, and an | DPEEDOS20081633835

SCR segnent having at | east one catal yst wunit
conposed of materials for selectively catal yzi ng NOx,
the heat exchanger segnent having feedwater feed and
return lines, the inlet and outlet ductwork providing
fluid conmuni cations between the stack and 20 the
maj or conponent nodul e, thegammoni a addi ti on subsystem
having a source of ammoni a vapor, an anmoni a

| N ectihQBly hrihRRRP Ao IRE thdll BletdURitRIokk @kh the
amoni a vapor pipe providing fluid communication
dratnoedn atiligicsosulesy seémammoni a vapor and t he ammoni a
injection grid, and a throttle valve disposed in the

anmoniT8MAYRe the POx red thetheasy ithoris PSRrigorment of the

f ol | owi : | he fromthe stack
il BRI RonE] 5 Bkl Anbindil 5k The 1D
fan; W04 885 21eBRTHIASIAO @38388ck ddtH e Fag

ammoni a vapor into the inlet ductwork with the _
ammonicordoalling othes dloyy statsnofr smViiury gdse tiNoxighr ohe trejor

flue gas with the SCR segnent of the nmjor conmmpon
AR T T B Ol e IO BRI BSE dogr o ArAPer HEF Chizn
oo P THRoISRS th B DIAAEAM JRHEE B Heb@Riting the throttle

vay@granconponent nodul e by regul ating the pressure
decrease across the ID fan; controlling the rate of

armoni @rEERling she bpvw eftheataedy athe thiought the heatl sxchange

d_10 Lling the fl f the feedwater through
S A T S R R
the feed punp.



