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WD 2004/ 047961 PCT/ US2003/ 034073 EM SSI ON TREATMENT
SYSTEM Background of the invention This invention

wo edoatemégeneral |y to processes and apparat us POT/US1063/034073

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

pr oduced durﬁgﬁgﬁté@lﬁﬁ? ugﬂFg‘f%ygq’(Emhem cal

production a processes produci ng
exhaust gases containing NOx. 10 Carbonaceous fuels

@arcg P E S s kRe N e  conbustion engines and in a
Wedd vari e{y og m&ustri al process (i.e. boilers,

f ur nacess iMeatiehselnss gémealhetapwicesseesmodbppanatus for the
refining, petrochemcal production, and the |]j ke?
rEeees oA itrbgequeXiey drs Nided (RNGBAY &itsict axide (NO) and

oxidatign of c ustjon radu c on
Wﬂgﬁ?da'o(’fﬁ , %Hfo&g%oe%é%g é%)%etss r ezé]fSQ{kgdi cMye
d%frti&illg{{%%% HRREnEM efKYE e8latdio BRIBYsBES Ginenamedrhyust for
form , primarily NO at high conbustion

redopian N Qy esleclinely fromrerilausiOgases pdsduced gefngpetroleum
when nitrogen i s not esent in the fuel, nbustion
(ROBING, RN BRBSTNF A PEUICIR8e 2l S5 i S 0T o RSP RRTSes
e [ J o, & b he generation of
dygjégg?‘:%o%)gﬁ%st%&g’%ggﬁéﬁg\lg %gtxéri orating 20 flane
pr opertamonabBens flissehargeded in inbernal comhiOseon ssgoves and
oxidize to form NO2, which in the presence of
isunighvariencosingustial gregassel 6r §aHEE . demMaRBtadeateyys and
formground | evel ozone, eye irritants : .
BRSERER S BDy o ogk S LRV ehesLetoR: £0d the e
ELEWS L GPed BEHINP|0G¥ed 86 @BRShIERY ehe 2%|RARIIEof combustion
concentrations still exceed federal guidelines in many
by fraductsegiianss chrier mbhexiGed&®) Anydisiartens ang soot. Free

e o B e Bea T E B e 3R TH o form
NO,, 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 NO, 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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Such regul ations require | ow NOx em ssions | evel s that
are attained only by exhaust after-treatnent. Wen an

wezdnawstoenfter-treat ment systemis WO 2004/ 047861/US2003/034073

PCT/ US2003/ 034073 2 applied to a refinery or
petrochem cal plant, it is particularly inportant to
mnimze any inpact on the operation of the underlying
refining or petrochem cal process. Exhaust
after-treatnent techniques tend to reduce NOx using 5
vari ous chem cal or catal ytic nethods. Such nethods

ggﬁlg%@y% rbﬂlaélh or %?&%ICEV&%H? |F%np§ﬁ|c%¢% 'IW?mportant to

ticre sel'ective cata
redinsizeoany Sﬁﬁl)a(ﬂr oseﬂ“&sCtopE&tl’Mﬂ@at'aieytum:ierledtg:trebmng or
(SNCR). Alternatively, NO may be oxidized to NO2 for
PeHev B"W'\MPCS%E? ubbers Such after t reat nent

nmet hod i.cal uir e, of act.a r
10 renﬁ\’féw%tf ﬂﬁ\g er‘ﬁ g%ﬁg crengbl ngggygma using
paﬁ@lweﬁemsen%rscc&talm.er}%efrr@is rse&wmodecaremrmbn in the
sources of water pollution. Wt scrubbers primarily

are arskednyave NOR-sseabiconatdlytim redudtoradNGGRlanseleotive
for cqncurrent wWith s Ifur

63&92)(“% HCEB@t&%dO&o%bﬁfé%etgw@@w@ Vg ye «ﬁ’mqn ‘?irglcm
¥ CI SCru ers.
RBEYel wmaggcﬁ bRIdSAME N oSREC 8 ¢ eﬂgebém \(aiSsrTbe

y uses unbu?ned dr ocar bons and

@chtaftéretdmé‘ﬂ@metﬁcﬁﬁi gpalln referabsercy pefofO2actant for
Fuel/air ratios nmust be controlled carefully to
cpmgral PhINQxedéssi@ns. Bot h reduction and oxidation

cataly are ne ve em_ssi on 20
Pyl oo 3V BbAGTT o4 N0: FERRN s MReke S9Renssiagepfatent
rp%@’(ﬂxé]gso@?‘éé%séf \%terﬂfcﬁl%luHHeSNQf §<9rh'b6@} é‘rﬁ’rl?.'ah?yaér‘e%s%d for
NSCR net hods to many 02-contai ning exhaust gases.
@I@mecralssmeadtmmwtmm aaidsplents ocafal gehcwerftacenofal of NO,
vert NOx to These sol i d

g’g&gﬁ{ﬁﬁt i glpél%EeS(éaz]eUBth%gncm 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 NO,. 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 NO, 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 NO,.
The catalyst activity depends on temperature and declines with use.

Normal variations in catalyst activity are accommodated only by enlarging
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25 renoval and do not reduce em ssions of CO and
unbur ned hydrocarbons. Large catal yst volunes are

woermiiogl needed to produce | ow | evel s of NOX.PCTN82003/034073

catal yst activity depends oh tenperature and declines
with use. Normal variations in catalyst activity are
accommodat ed only by enl argi ng WO 2004/ 047961

PCT/ US2003/ 034073 3 the vol une of catalyst or
limting the range of conbustion operation. Catalysts
may require replacenent prematurely due to sintering
or poi soni ng when exposed to high | evels of .
theevobrmae urfecatalystharuimitinpibaranaatef. cCEMCYAHENCPRErABCR.

CHIENEE Bl TRalY PSRk BrRsetY F oot SHHEHRG o
pggsgﬁkﬁ% axéﬁe.%'@n@s%%kttarﬂ#@%h I&BIS B REQHEFAtLRET §81Paust

nor oper ati ng condi tions, SCR systens
cometgmhinansgs.uni form di stribution of NH3 relative to NOx
in the exhaust gas. NOx em ssions, however, are 10
f r equéRIMRREEsiak gpﬁuﬁwemeﬁma@mw apMInal Bty sothe

letror Ao ur SeFRste pEhRs T 110, PR g 6 Yesll
i MHFgarbbetrﬁsz%usss t0 byt AT BAiNSKoh eV el en SURBEI YroPinal
r

the I'nvention Briefly stated, the invention in a
opeedtingr ezhditiems, i SCRrsysterssirequired 8 uniteameistrisytoemffidr;

renovin frgmflue gas emtted froma vertically
SRRRR ) Qr ek hihot SR ed G SR RRME. re
I oS\Lf i i r Te\

il GEERRE kAt B LA B} BTG, Srten,
bresitthemsga may sle aohietadwriy Ay icegt@ilingtieé disdibuamn of
'SCR segnent, a second sub-nodul e having a heat
rr@ﬁ@w&ngaaﬁgﬁﬁmq the exhausy tohd NG'fQUB-Ngddﬁ\ée'havi ng an
ID fan and an outlet. Each of the sub- nodul es has a.
size and weight within size and weight |imtations of

SUmFARY oRtthen@erftiod - bed tractor trailer. The second
sub- nodul e i s nount ed
Briefly stated, the invention in a preferred form is an emission

treatment system for removing NO, from flue gas emitted from a
vertically extending stack which comprises a diversion member that
closes the stack at a position intermediate the inlet and outlet ends. A
major component module includes a first sub-module having an inlet and
an SCR segment, a second sub-module having a heat exchange segment,
and a third sub-module having an ID fan and an outlet. Each of the sub-
modules has a size and weight within size and weight limitations of a
conventional flat-bed tractor trailer. The second sub-module is mounted
between the first and second sub-modules to form a flue gas flow path
extending from the inlet of the first sub-module to the outlet of the third
sub-module. Inlet ductwork, which is in fluid communication with the
stack at a position intermediate the inlet end of the stack and the

diversion member, provides a passageway from the stack to the inlet of
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bet ween the first and second sub-nodules to forma
flue gas flow path extending fromthe inlet of the

wo 2oog4®eb- nodul e to the outlet of the third 2BCT/US2003/034073

sub-nmodul e. Inlet ductworkg which is in fluid

conmuni cation with the stack at a position
internmediate the inlet end of the stack and the

di versi on nenber, provides a passageway fromthe stack
to the inlet of WD 2004/047961 PCT/ US2003/ 034073 4
the first sub-nodule. Qutlet ductwork, which is in
fluid communication wth the stack at a position

ithg Efstedtibarwduhe @uttet siutweekbethiends inhBuidosrmeturésation
f. th k i des. f th tlet of

Fiat 85 2 NN B PRETERELRY TR b Snd e
adelet Al SUBSYSIAN iNbeRks a Eaﬁé&%&l{é\/ nggoqﬁrmb% 1&M6F the

|n_I et ductwork. The diversio e either a
thixk dub-rbbdullei togtheestaek. An aanrovi@abd ditiby pats yetappejects
The inlet ductwork jncludes a horizontal run

BBV RRUALHPRSS At Hig i”&%l‘.jLFQ}NVQﬂi- an el bow. At |east one
rovesb 08 N ) SRR DR G5B

t he pressure er et hroug

addimbosatsiglis)sise Mapper UdRfe miet2dTEYN GHkiiREREERE @hodEdital
di sposed within the horizontal run of the inlet

EHIE EQRMaCted fto taheertigatoni by amjedutvi oritgedst ose pusiesbtneahe
ithin ten feet of the stack, a m xer or diffuser i

HA e 4lrPRaat T 135 lpbly FoFFeUaeciE shoeHEF BFoR fisrethrovsh.

anmoni ﬁhe\@ﬁﬁﬁn?dquéi{i&}ﬁfs@?gystgn?invcfi‘@@és BA %%?H%ﬁ&agfsnj%cﬁgon

anmonia in the source o anmoni a vapor provi

gotli dispbsed evitbin ing eotizogtd henasimne dndapictwidiko If the
inlet ductwork. An ammoni a vapor pipe provides fluid
EBITRMP dIEFHAN BEiIdvE P9 sttipdegdowitbd BN taeinedithe\sipok, amixer

SR ATERstnol LIS, She A0 TRL G LREL e B
aaponared Yapafaspi Tee vARer SidaBived BRI MARHIL iPPheQource of
controller may receive signals froma flue gas flow

3BYRYNa ¥FRORATI ides theNDRtide fercedor pyedtingtiedammonia vapor
H%Beriﬂﬁ‘?i ac}uec:t\t/v%erk.st aCKn ana?nrtn%%iaam\jgpnciara ipap.eecério?/l?des fluid
communication between the source of ammonia vapor and the ammonia
injection grid. An ammonia vapor addition controller controls a throttle
valve disposed in the ammonia vapor pipe. The ammonia vapor addition
controller may receive signals from a flue gas flow sensor and an inlet
NOy detector positioned intermediate the stack and the ammonia injection
grid and an outlet NO detector positioned intermediate the fan and the
stack for controlling the addition of ammonia vapor. Alternatively, the
ammonia vapor addition controller may receive signals from an ammonia
sensor positioned intermediate the fan and the stack for conirolling the

addition of ammonia vapor. In another alternative the ammonia vapor

addition controller may receive signals from a fuel controller.
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grid and an outlet NOx detector positioned
internmedi ate the fan and the stack for controlling

WO b@4addst i on of ammoni a vapor. Alternatively, P€T®S2003/034073

amoni a vapor addition cont¥oller may receive signals
froman ammoni a 25 sensor positioned internediate the
fan and the stack for controlling the addition of
amoni a vapor. I n another alternative the ammoni a

vapor addition controller may receive signals .froma
fuel controller. WO 2004/047961 PCT/ US2003/ 034073 5
The SCR segnent includes a housing, a plurality of
cat al yst Lts di Lthin: ' ;
R et R R e e R
dbhdserevitiinf 8ke helisinae dnausi figst appéi hatird appeie Bdge
noveabl e between open and cl osed positions, with the
pivatsly Mapyped tbeimignsr adifeeenf theoheusingouBa §irstnirper is

et b B aB e e RSB pa Yot being
a@%}:‘g‘x't 98 thd Mo usH3 i,ngglgg%gécé'fﬁyt@ SPer BOLHRR 8nd &% edHling

per having a’si e pivotally nounted to the
Reds figsti halerofstivel astalysthaiserotite tlaspdeposisonovEbdISCR
bet ween open and cl osed positions, wth th%]sgcond
seOEErMBEiatee 1T ues acesend dlapmer hay¥ichg Sidmerae pivotaly
in the n positio endi r :
5 PR BEEAHS P B B B B 8 g

HRasden @penOhnHh&0sad ahdstiond)i thitHahBgsesumbSeabpet being
materials for selectively catalyzing NOR In a first
aljacamiabithe, hasineneer sndace int Hee epealppsitiampng externding
be conposed, of terials for selectively catalyzi

Q6 F0F SREENS RLTOT Bl SRIAVRIRDITS 11 IS BOSHE PRSI haf TSt

I t bESof 0 ivel

e o P (o e e o TR e P Vel
fablywiranND,. Tha nt sttieorativecaitieadt sysbérthescatalyst units

installed by conducting an initial installation which
Aa¥PeneRMpPapeE of sprieHeiSJAr selecHeelyl aielyzngeroliHapinpther

BB 21 L PRS0 A FRR O SRTBABR Ty
@dposdd 6t nietiNerkr sddedthRly BdwRtyzaHINO, and other pollutants.

The emission treatment system is installed by conducting an
initial installation which does not impact operation of the plant. The
initial installation includt\es setting the major components module adjacent
to the stack, connecting the inlet and outlet ductwork to the inlet and
outlet of the major component module, respectively, and connecting
emission treatment system/plant interfaces to the emission treatment
system. Final installation is performed by conducting a tie-in outage
which includes shutting the plant down, installing the diversion member
in the stack, cutting flue gas take-off and return openings in the stack

and connecting the inlet and outlet ductwork thereto, and connecting

emission treatment system/plant interfaces to the plant.
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outlet of the mmjor conponent nodul e, respectively,
and connecting em ssion treatnment systent plant

WO pioe0ieces to the em ssion treatment syst em PEI/IS1003/034073

installation is perfornmed by conducting a tie-in
outage which includes shutting the plant down,
installing the diversion nenber 25 in the stack,
cutting flue gas take-off and return openings in the
stack and connecting the inlet and outlet ductwork
thereto, and connecting em ssion treatnent
systeniplant interfaces to the plant. W 2004/ 047961
PCT/ US2003/ 034073 6 Before the initial installation,

t he pBefiorei theprieitial édsiallatient thenpladti isg %Qear@@i anithgut

IRARSG BRETANEE et 1thE REnE G se R, 4 R fob IRBPAER:
ccgrﬁg BhiNSi0dlRY afy Hﬁﬁhﬁ@% ﬁoﬁkg @bh adRfe rs‘?tteurthH’@tthhﬂﬂﬁ

determ ned. The 5 exc anger take-off and
fdreatfluexghangks-ofebudreaure opkemitg$ iagd.defapniremiroihe heat
vapor source, th | ect
p e electric power source, C? gne{c{]olThe

exshangsr teke &ff a08sthgr Beal xchaligier | Bl e 25148
I
T APRATEN B R et FELieg S8arane L svcer

inftoMasky h@naleBddbetitiesl 10 to the foundation. A niddle
sub-nodul e havi ng the heat exchanger segnent is set on

t he | Sartingtibe moejar @omﬂn@ppssrn e ripelydes H@sting a fpaver

nt. and inl S, se n the, m.dd
sl Bakrtnde fultad SElndh bhooRHERndsioR st fee
td I}ﬁe' f'&JLﬁ'\tda@l el |rﬁ%ﬁd@%hwgduleeﬁgmnguﬂ{é’\@\%gt '&cﬁ%ﬁger
I n place an secure a support sfructure. 15 The
segmsst Brsdtreratieebive ysabenbgllantn iupper éabeﬁoamle having the
connected to the em ssion treatnment system

SGiseagmeny and Hreloisi gt o dBE Bl sHb-TaPEHIen amiethenrséP
nf“a‘h‘ié’?ééé \%%Pde%%:b%%ér”% Egnﬁé‘mﬂ %P|e?la%%t6&%t9qdd&v$o?g,

e almonl a vapor: source ange 1S
ehbie dakawkriats §ékem plaetahanselc0fed RatH bts@p@@ﬁst taketobf

opening and an outlet flange is wel ded

The emission treatment system/plant interfaces are connected to
the emission treatment system by installing an ammonia injection grid
within the inlet ductwork and connecting the ammonia injection grid to
the ammonia vapor source. An inlet flange is welded to the stack at the
location for the flue gas take-off opening and an outlet flange is welded
to the stack at the location for the flue gas return opening.
Interconnecting piping is run between the heat exchanger segment and
the heat exchanger take-off and return and connected to heat exchanger
segment. The electric power source and the control system interfaces
are also connected.

It is an object of the invention to provide a system for removing
NOy which may be installed in an existing plant with minimal impact on

operation of the plant.
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20 to the stack at the location for the flue gas
return opening. Interconnecting piping is run between

wo be4henbl exchanger segnment and the heat exchpOmes2003/034073

take-of f and return and conhected to heat exchanger
segnent. The el ectric power source and the control
systeminterfaces are also connected. 25 It is an
obj ect of the invention to provide a system for
removing NOX which nay be installed in an existing
plant with mninmal inpact on operation of the plant.
WD 2004/ 047961 PCT/ US2003/ 034073 7 It is also an
obj ectt Bf alshe ahnuigjett @f the prvewtide so frsviia Bosystem for
removi ng NOx whi ch may be expanded during initial
remsyimg MPixonhisth mravabe lexpanderhdering ipsipbvestadarien arat @
ol Lutants. O her, qbjects,and. advant ages of the
|£ﬁ§/gﬁ1iel n' SWPYe Egggﬁg‘a‘f@o%%g}%’nt fromthe draw ngs
and sprRéf idkféd@Nan8r b@farfiages idHt kol iRl ehien Dhanifi@sme
The present invention may be better understood and its
apparend iom dbeetrawings aad\spetdgationi | | becone appar ent

to those skilled in the art by reference to the
acconpanyi ng drawings in which: 10 Figure 1 is a

BRES ﬁ%g%b%{én_‘@feme%ra%n gission treatment system in

accordance with the invéntion; Figure 2 is a
si mpl The@deseaheveition magWe atdrlyndenstoobdsshdsies huoterous
of the systemof Figure 1 installed on an ethyl ene
opiggteaNd@dyanéages ¥ikhhesamer yrrprest e iaese skidledss the art
[ .sel.ective .cat ﬁi%\t_i c reduction

Yagiuiod r8¥ng asedhoanals e ngR R WAk
; ged,
TR PR Vet Pk b et
in laecordance 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 IV -
of Figure 2;

Figure 5 is a flow diagram of the method of installing the
emission treatment system of Figure 1;

Figure 6 is a flow diagram of the preparation sub-steps of the
method of Figure 5;

Figures 7a and 7b are a flow diagram of the initial installation sub-
steps of the method of Figure 5;

Figure 8 is a flow diagram of the tie-in outage sub-steps of the
method of Figure 5;

Figure 9 is a simplified, schematic view of the ammonia addition

subsystem;
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em ssion treatnent systemof Figure 1 ; 20 Figure 6 is
a flow diagram of the preparation sub-steps of the

woreaohod79ef Figure 5; Figures 7a and 7b are a fPOWUS2003/034073

diagramof the initial inst&llation sub- steps of the
met hod of Figure 5; Figure 8 is a flow diagram of the
tie-in outage sub-steps of the 25 nethod of Figure 5;
Figure 9 is a sinplified, schematic view of the
ammoni a addition subsystem WD 2004/047961

PCT/ US2003/ 034073 8 Figure 10 is a sinplified,
schematic view of the fan control systenm and Figure
11 i s FigwienplOi is edsinsplifedat $chematic ofiewhef Hbegt fan control
exchanger cool ant control system 5 Detailed
SPELEPi ¥ on of the Preferred Enbodi nent As concern for

the e@{é{%r%nﬁ% aHiMPhfied’ Eéﬁ%aﬁ{:fv%\;vsofaﬂ"% & ek changer

underta reduce em ssions of known pol | utants,
coutthtasorpaditsyesdrat e matter, NOR, SOx, nercury, etc,
by the pronul gation of nore stringent contro

requi renents. For the refinery and petrochen cal

{ nd [ . t.h Q. fi f,th . tri t
Oelflies BissRrigtiod alde Rritadsd FURREITRAE “Win'ref erence
to t heandpambdiasioniied ehlirdhkennyrekal §rdRer eFehls arkel teing

parts throughout the several figures, an em ssion
urdeataenttosgduesremissions at koowarnmdlupints, sheh msesarticulate

inventi@n reduces NOR by gCR techn Ioag,ﬁgrovides.for
matareNewi SHxoMETEHRt L. BY BERIPTHSPRTCARY ST Ot Igent
do%tz%l%%ﬂpérﬁlam.e S h%n?etfi!ﬂ%h gﬁgﬁ?rdﬁmkgpﬂd@@trﬁ&? the
ground ong side the existing equl prment, or on |egs
fals0B@ theske nidie BXhGéNNGqetehiBefocOdes oM NOpredudtite.

exi sting equi pnent, thereby reducing the downtine of

t he With reference to the drawings wherein like numerals represent
like parts throughout the severai 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
on top of the existing equipment, thereby reducing the downtime of the
refinery or petrochemical production equipment.

- The emission treatment system 10 may be utilized with most
refinery and petrochemical production systems. However, for descriptive
purposes, the system 10 is described herein installed with an ethylene-
cracking furnace 12 (Figure 2). Fuel is fired by burners 14 located at the
bottom or side of the furnace 12 generating high temperature gas and
NOy. The "cracking" of hydrocarbon molecules into simpler molecules
occurs in a coil 16 in this highest temperature zone. As the furnace
gases pass upward through the furnace, heat is recovered from the flue

gas by a series of additional coils 18 which contain either cracking
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wQQooreiionery and petrochem cal

refinery or petrochem cal production equi pnent. The
em ssion treatnent system 10 may be utilized with nost

However, for descriptive purposes, the system10 is
descri bed herein installed with an ethyl ene- cracking
furnace 12 (Figure 2). Fuel is fired by burners 14

| ocated at the bottomor side of the furnace 12
generating high tenperature gas and NOR The
"cracki ng" of hydrocarbon nol ecules into sinpler

nol ecul es 25 occurs in a coil 16 in this highest
tenperature zone. As the furnace gases pass upward

feBuotaR foheréNEftateor eatr/seanhetoreseth tiiiemrbhess buether
gas by a series of additional coils 18 which contain

micckeseTr Jm:mlmtmgmmai@mg PEmagss0b3/Neyg0YE 0f more

pﬁﬁggé?dg gs(ilrlb r ehﬁﬁtloc%ggc% tggro/f.srslﬁalgn%qtg'} cld?\ﬁe!:{bd by a
E} Ble&%gﬁr%ck'&ﬂ%léﬁg PRERHglAirRAYE PD_ypicalPlrén for several
ced dra

fans 20 Iocated on top of the
th; Qfetmnnmgrﬁﬂcakm autages tnd afe stkaykpragider of feedstock for

Et hyl ene-cracki ng furnaces 12 try cal.ly run f th
@Mpaq>ce§59éaw§hlaéh%%fmeév@ﬁ.pPFeah IR 5 '8F°éea €

5 lj‘rg](a)%”ng%st%l an ?éﬁt %lévgr‘?ﬁrly Itﬁ‘f %6@?2% tWetcg\ijer.

er TOC em Ca ere

dovvnt | BEH W@QSWévaﬁmprSGBs‘sés Sseéefyéﬂlya.ly mbed eﬁhdlent at
costly to the owner. SCR NOX renoval processes are
tgmpeailthyemfsﬁo@ff |7§Derﬁ &ases @tpbiatunesratreer vreyly

ses at thlst re aret iical |
Jstd i Sttt < Bece Ry Bl kel Bl aner
e ene SCR
LERANRLSL 0l 2. 06 et
denofit he tbuwmacéowd, theufurnat® thecst atk @@ atackh@2 at the

appropriate location, Iift up the downstream sections
ARErqRitalocatios, SR thﬁﬁ%wr@tfﬁ%hse(%@”tsuf’d’ép SrallithenaCR-

S48 S RTSTR i o PRREEL e 2D BEbHGAREy Stroctve
sbriibml one,

The subject emission treatment system 10 includes a stand-alone,
modular major component module 26, typically at ground level, that
includes an SCR segment 28, a boiler feedwater heat exchange segment
30, and an ID fan 32. By “abandoning” the stack ID fan 20 and the
ethylene-cracking furnace boiler feedwater heating coil 24 installed in the
stack 22, the emission treatment system 10 is installed without requiring
any major modifications to the ethylene-cracking furnace 12. This allows
installation of the emission treatment system 10 without significantly
interrupting use of the ethylene-cracking furnace 12. The major
component module 26 may also be placed on legs above the ground, or
even on top of the existing furnace 12, as individual application
circumstances may require. The new, system ID fan 32 is sized to

provide for the increased draft requirements of the emission treatment

producti on systPOBEUS2003/034073
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nodul ar maj or conponent nodul e 26, typically at ground
| evel, that includes an SCR segnent 28, a boiler

wo eadwatoer heat exchange segnent 30, and an | Brf/an2082034073

By "abandoni ng" the stack b fan 20 and the 20
et hyl ene-cracki ng furnace boiler feedwater heating
coil 24 installed in the stack 22, the em ssion
treatment system 10 is installed wi thout requiring
any major nodifications to the ethyl ene-cracking
furnace 1 2. This allows installation of the em ssion
treat ment syst em 10 without significantly

ier ' H‘Qt 0 ‘? oxforttli'\%m%ﬁyée erft’ Q@k' Pe lBHilRAGEedRater

onent may al so be placed on

Hue%‘i%x@h@ﬁ(%e ge@m@h@@odna@hav@bse;mnebopeam‘vemeffeo«mw hgn
furnace 1 as individual application circunstances

tingystaekboiler fe'ﬁabwat@whesyeg e fegpeaming ogy E@dd@%gn and
ovl e for the in raft uire th

Brarias ot T Stesh DAdES oA b3 e e IS Gdood Gakiie an

%rgz }0@ tglﬂ o rh el PR élecL rcy@ﬁd@ﬂ?e@@&éﬂemel?e%stérhqhe

wat er heat exchange segnent 30 nay have
é’tegh@lor’meatatmem\tee wysfdn diCeaiiow¢ hamfuttteemstdifodationi ¢ fethe

feedwat er heating coil 24, depending on the design and
feReyqanenb2 8 Re The AdditiRs PERIGERN ts@rgnﬁ%%ﬁslﬁ’d jsions

gn{srrpr ovenent in overall cycle

%‘?'W@roe @‘eég)&/a%’} réduced fuel costs. The stand-al one

nat ur engfh thrensreteenddr@Figans2f te émfidsien tedirhesasysaem
of the SCR segnent 28 or the addition of additional

$egtentinclides awbbskmgsmeomﬂf ot oofoy@taherﬂqwer tﬁ4ar1"ﬂ§unt8d

Wth further ferenc oFl ure 2, the em
itade vgg&& Atagh 4% mistoTitriihes’ $h61 & Pr{gf-Cfackmg

EABEL bhePTreRUARS: hEARROEORD 4. TOMRE Blaniihé hhemiBP 34 is

st ac ] ust stream of
piskatleeingcrosaakiengack 22naceerpodrieatt!yf eetbmataérﬂdwahrmggh ‘the
coil 24. The bl anking nmenber 34 is installed across
ety leneserechng Bﬂﬁéﬁ‘fﬁﬁgﬁ%ﬁtfﬁ?d\‘}@ﬁff'T'eaoﬂ‘rfg A ﬁfe%&bﬁﬁtack

LES]e neé(l)']ylﬂpeei)i/rp%gg f@%gepﬁﬁaqg |rp§|ah§5 afc‘?gmg stack 22 to

£ ng ‘col |
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
return openings 36, 38 are formed in the stack 22 just upstream of the
blanking member/bypass flapper 34, 34' and just downstream of the
stack 1D fan 20, respectively. Inlet ductwork 40 connected to flue gas
take-off opening 36 and an inlet transition piece 42 in the upper end
portion of the major component module 26 and outlet ductwork 44

connected to flue gas return opening 38 and the outlet of system ID fan

"~ 32 provide fluid communication between the stack 22 and the major

component module 26. The inlet ductwork 40 includes a horizontal run
46 and a vertical run 48, each having a nominal length of thirty (30) feet.

Dynamic vanes 50 may be positioned in the elbow 52 between horizontal
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15 I D fan 20. The bypass flapper 34' is installed
across the stack 22 to selectively cutoff all flow

wo booatogiyet he et hyl ene-cracki ng furnace boil er PCT/US2003/034073

feedwat er heating coil 24 amd the stack I D fan 20.

Fl ue gas take-off and return openings 36, 38 are
formed in the stack 22 just upstream of the bl anking
nmenber/ bypass fl apper 34, 34' and just downstream of
the 20 stack ID fan 20, respectively. Inlet ductwork
40 connected to flue gas take-off opening 36 and an
inlet transition piece 42 in the upper end portion of

th ' t dul 6 and outl et duct k 44
UBrPBCI F8ATI g0, Bt (OB AFSS8 S AoPH R BHo dT

Y IR fan 32 provide fluid comunication
egée?\&/e(ew}%eﬂét ack 22 and the major 25 conponent nodul e

26. TheomvdratortHictvingk bélei nplplidetoas hoavingnS4IR raystems
46 and a vertical run 48, each having a nomnal |ength
gsineraliy vpe(Fonaniet(NHabpsamiredyetaes a9 mgjuge an ammonia
Ltioned in . the elbow 52 b n ' d . .
SRR STSeT Pertesonrod et lfiopte i ed i g or
filng4S3td AnfBfHRLdIsBebUrEasE WremadhRPativseutie flake ofelHeo8CR
(Figure 4). Conventional utility boiler applications

¢emuiyey \S6Rsissloerated geeletistlyyshest diataned dovwmayears of the

reductant and include an. amonia 5 %équi.ti on §¥stem -

HUECEH - pPEGPEISIY. RiCONYPRISTE AMBANR AT HCBLXFIER SPsists
¢ . . b ¢ . )

B CpHEgPRe o QHRAEELE hBONSIIE Do ol g

legbedne/Bloyverhant ami infeatmren diehwisdlugasmafitipleespranjliees ozach

Accordingly, a conventional_anmmoni a addition system,

Bansostyitipe sptvhtnodrlesystEf anR@mia e/ a¥oraffrBifica INjects

NH3) .vapor, a static n.xer, at 10 |least.one
aprane e SO ATl ueERE oL s Ry e
BRWEr (M &YioNGhenBthtib PhiReS RS @MutBARE lafSmoniaey BN Ep\RPthe
source I njects anmmpnia vapor Into the static m xer.

dilditedi ammainia ivepbr owt dfytheremmisingwerdiglon aubsydtem via the
static mxer to dilute the amonia vapor and propel

H'ItJ?fZéOl’ nozzies.

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
mixing of the ammonia vapor in the flue gas stream. The ammonia
addition subsystem 54 does not include dilution air blowers, blower
controls, and the larger diameter diluted ammonia ducting. The ammonia
addition subsystem 54 consists of only three major components, a
controller 56, a source of ammonia vapor 58, and an ammonia injection
grid (AlG) 60. Only a small diameter ammonia vapor pipe 62 is needed.
As discussed in greater detail below, the AIG 60 is preferably installed
within ten (10) feet of the stack 22. A static mixer/diffuser 64 may be
positioned in the horizontal run 46 in the event that the AIG 60 must be

located at a significant distance from the stack 22 or to simply provide
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di | uted ammoni a vapor out of the ammoni a addition
subsystemvia the 15 injector nozzles. The subject

werodmsionl treat nent system 10 i ncl udes an anmmoPCBUS2003/034073

addi ti on subsystem 54 whi ch2t akes advant age of the
relatively long Ilengths of the horizontal and
vertical runs 46, 48 to provide for proper mxing of
the amoni a vapor in the flue gas stream The ammoni a
20 addition subsystem 54 does not include dilution air
bl owers, blower controls, and the | arger dianeter

di l uted ammoni a ducting. The ammobnia addition

subsystem 54 consists of only three major conponent
additiopat pasurence®f c@mplgte 8V iyNdadiiif amrapoe S%eora?ﬂﬁs he

amoni a Lnjectiaqn rid (AG | [ )
flUFaﬁ’r%%'erhéq Iﬁ# 3"?}}358%?” Fﬁ(lﬁcée é1226|%§ tﬁée%ré%aﬁgg tRSthe major
' ' i 5 lthBelreMioni10apbFIER das mixt
c%@%@?iﬁf;ﬁc{&rﬁ %%It glgmﬁ?ﬁitn ten (’O?O) ?gdét of gthemlx ure
estrlgkac2@ss thestrdetl o thedpindistfease S @l seayeng 28.

positioned in the ho ié(gnt al an 46 in ﬁhe vent ghat
t he AlTGagditAnst thse Al oREt '8 dMHENSIERIF FRRAANE dNECAREe®

RO S g & bR ke el Aot LRt
NGl oo e Df thehemaremaivapvapeingegrayiee tHrbughgamnidgein the

inlet transition piece 42 at the entrance to the naj.or
sigevypdheithe saravilise26l e exagthutrakern plesridirdifieg and openings
.vapor/flue s .m xtur.e evenly acro the j.nl t

S BB SR T sBUElo STl ch M B8
ficw PAEd ahliMNeeFeduird tdte bnhAGhORE SdditieANVamel anal 60 is
systens, having a much reduced nunber of spray |ines
mefkrably IboamdesitHimeemfeenobtveaptackb2? g ykeagddntage of

t hrough openings in the sidewall of the spray, lLine.
tha dudiigaceny BBy therflug eag steame sreaigd (?ﬁ!eﬁ]enS@” | ormed by
p t i lat.i egigh i r :
R R N s e S I
tLab Hefte AUMPET endftds tthenthe BenrAdbGabhpcs is phefaargiihy ynixed

|l ocated within ten feet of the stack 22 to take,
with ahe 4 ggfs. 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
stack 22. The motive force for injecting the ammonia vapor into the flue
gas stream may provided by the vapor pressure of the ammonia in the
ammonia source 58. As shown in Table 1, the pressure of the ammonia
vapor is sufficient over a full range of expected ambient temperatures to

provide the required motive force.
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the turbulence within the flue gas steam created by
the "bend" formed by the bl anki ng nenber/ bypass

wo b@ppemeB4, 34" and opening 36. The turbul enP€T/US2003/034073

further ensures that the amdoni a vapor is thoroughly

m xed 15 with the flue gas. Anal ysis has shown t hat
sufficient ammonia/flue gas m xing occurs even if the
AlG 60 is located in horizontal run 46 within ten
(10) feet of the stack 22. It is possible that
addi ti onal analysis would show that sufficient m xing
wi Il also occur at greater distances fromthe stack
22. The notive force for injecting the anmoni a vapor
into the flue 20 gas stream may provi ded by the vapor
pressure of the ammoni a TiaABltthe ammoni a source 58. As
shown in Table 1, the pressure of the ammonia vapor
is sufficient over a full range of expected anbi ent

t enper at g-es—t-o—prov-de—the—regured—rotvre;force. WO
2004/ 04798 REAY ue&%%medm V2p6AB&sshirdnbi ent
Tenperatjure NH3 Vapor Presqure ( F) gp3|a) B0 60 5

70 129 [100 242 (Wt h referlence t dPFRGure 3, |the SCR

segnent 28 contains catalydqt units whi ch fenove
NOx. The catalys@ nits 66 |are con tional funits,
each havj ng nom di nensifons of HEPee feet|- three
inches by_six 1 eet - siix inches™(3.25" x[6.5). As

shown in| Figure goqupper and Iomerzqgoups 68) 70 of
cat al yst Uhi-t-s 66 each—ineludi ng one—t-o—ei g-]t units
66 may be positioned within the SCR segnent housi ng

| W &R @%rgo #ngBCa a{h%'ﬁéR Sé?s né?é gﬁiﬁ%@sg@taﬂfst

the upper group _ uni _
u&:dlsowfsn@hﬁ&e rérlnueegra@/x.ammeloany@@orurmsxsar@ret BoRgdrassal
a 0

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 IoWer
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 NO,, 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.
Initially, flapper 77 is in the vertical, open position (allowing flow through
the catalyst units 66 disposed under flapper 77) and flapper 77" is in the
horizontal, closed position (preventing flow through the catalyst units
disposed under flapper 77'). As the catalyst units 66 disposed under

flapper 77 become depleted, flapper 77' is repositioned to the vertical,
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15 the catalyst units 66 contained within the SCR
segnment housing 72. If only three catalyst units 66

wae®@40ergei red to renove the NOX, a bl anking neCHES10831034073

76 may be included in the 3€R segnent 28 to
selectively block half of the catalyst units 66. Such
a bl anki ng nechanism 76 may conprise one or nore
flappers 77, 77" which each have a single side 20 edge
pivotally nmounted to opposite inside surfaces of the
housing 72. Initially, flapper 77 is in the vertical,
open position (allowng flow through the catalyst
units 66 disposed under flapper 77) and flapper 77" is

open phgitiondellgwmaflowcthsawah Bes¢atabist UpitevEh disngsed snder

f5pper 2ol SRRELY e oliiie ot RPRen B0, glgs3BRdsition.
AlteARRE/elY, FI e ARp!rekReh i 1RPOSEN pésitioh, to allow use of

repositioned to the vertical, W 2004/ 047961
aPCTELISRA0 N Q340m3 vall dapgisiitypokitihe cratélykt awiitsg6 61 deposed
through the catalyst units 66 di_sposed under fl apper.
tweyngw-aypwéﬁs ??‘F’FrﬁEdefé‘anb@Qief aneal neVendediasitgred in

i L ALt ' 0 f : remain in the
RSl it B G Rl 7 T R kel
r enov Aliteesgaldly | the SER tsegnat A8y fiayuebitairbGp plérsoes asivbr

thereunder. If it is expected that flapper 77 will
grapsr 68e 78oet tivergadaiyat uphe &8 ose posietlagar obany to eight

£l 77" be installed, Alt ively  the S
caifininss Gy SEBRTATE ORpE AR NG otheheg e

r&hol ¥® aﬁétcﬁh&SEpb‘lf&a&i%n@%e@fficacoﬂsﬁ‘@ér%ti'oﬁ)ﬁ?”f QhallBetMits,
eight catalyst units 66, depending on the anount of

aNa@xif witheh pollistarbe (4@ . rGDpiedroaac athestcapplust dtel tmoved
specific considerations. If space permts, and i

] f
fAMdhepove @rantcatglestygunit 7 ShirIesEABLBH OBI&. §oliHiaptper

for e S atal vs [ :
BEITET e, 8, MR U M P BB but, bt ey pe
if@oded MY tINOS QR vegeah 28t haltegitivelanthe WAYsing B2 located
i ncluded in the SCR segnent 28. Alternatively, the

apeysi e SCR ozegreent B 8abhoae deheogerrtedgirgat a2sanmy HBER

588%‘{3%{ Eg%ré%g f3r ‘?’grgg\r/]ig\gsé%%itional 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
piece 88, and power and controls boxes (not shown), all of which are
mounted on a base plate 90. The middle sub-module 85 includes the
heat exchange segment 30. The upper sub-module 84 includes the SCR
segment 28 and the inlet transition piece 42. Each of the sub-modules

84, 85, 86 is sized to fit on a conventional flat-bed tractor trailer.
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segnent to provide for renoving additional NOx and/or
ot her pollutants. As noted above, the em ssion

W e@anemnt system 1.0 may be installed w t houtPCT/US2003/034073

significantly interruptinglase of the

et hyl ene-cracking furnace 12 by elimnating the need
to make major nodifications to the 20 stack 22. The

i npact on the plant is further reduced by the nodul ar
construction of the nmajor conmponent nodul e 26. The
maj or conmponent nodul e 26 includes upper, mddle and
| ower sub-nodul es 84, 85, 86. The | ower sub-nodul e 86

i ncl udgsnt hereldhddNo3fig Lﬁ@s ogltd etnsksRRd | &N thBi Sﬁ%snon
88, and power an contro S boxeés (not shown), a

trdfat glenarsy sEEmnbding adretativel\paseplel rroeeSs).. pr'ﬂwdlngdfcblrel low
sub-nodul e 85 i ncludes the heat exchange segment e%
oTHute)seEstsEhioRp g Byl imieimaesiTHBUSERO! iy gery

a%ﬂglt efge iﬁ\nlj\@r]hg%r %g ctt ggﬂaspér% ?rttad ﬁ?ﬁ? p%cé mepreparatlon

nmodu i’s S|ze

IROfBrEHe QfRal folf&hetma o e g ndritahbeule m zmﬂéhmzeﬁtlon
PCT/ US2003/ 034073 15 Wth reference to Figures 5-8,

sitaseathetrhajor gforepenanti Bwidote 26r eutsiedr S§Wﬁ@¢n91‘b ang an

rel ativel i, pl e. es rov for a.lo

ARt AES ERA TR B8O ahac A= Bige g lgpation
JAhERue’ G {}ﬁv(reyoffaaq{d MithirESpedinBE M 3@ m gét H)é”dtsk@r?mned
are required take place 1 n preparation 5 92 for the
$.rived hebt tehehaaper talosyptinand renctal enuas. beTIrdaentmed 100.
installation site of the major conponent nodul e
FAHEECHEOTIBE SENBANGUVERRAT, BRCTHDRY B AtCITIH AL | Bﬂeeded)

m”&ttﬁélcﬁ%ﬁéda{o 954 ®t6a| #%tah naﬁ3 Eﬁtro]rggséeg%%t':ggﬂces

ue ‘gas Take-of and urn-o

Aust beeddatiged @8, 9&holne bBQ%pr@éﬁ@'ﬁMQEEt tie&kengbfity of
and return nmust be identified 100. 10 Sources for the

thrpe e sksvapyrbe ebeducted ipaeerlleland control air (|f

d fied 10 1 I
o oot PsyBuRft R br bedad Sinaiting T danttq retrés gy
Hdeél'éO%Cbrb%h@ﬁ@ﬁﬁ&é@ér?%%m%tcrtah% AR QBELNN®T1 14 hRSBase
tasks may be conducted in parall

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,
including connection to the ammonia vapor source 58. Connecting
flanges 122 are welded 124 to the stack 22 at the location where the
flue gas take-off and return openings 36, 38 will be cut, but openings 36
and 38 are not cut at this time. Interconnecting piping 126 is run 128

between the new heat exchanger segment 30 and the heat exchanger
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Initial installation 1 1 0 begins by setting 1 1 2 the
| ower sub- 15 nodule 86 on the foundation with a crane

ware4memaring 1 14 the base plate 90 to the fpRONUst0s034073

with anchor bolts (not showm). The crane is then used
to set 1 15 the mddle sub-nodule 85 on top of | ower
sub- nodule 86, set 1 1 6 the upper sub-nodule 84 on
top of mddle sub- nodule 85 and the three sub-nodul es
84, 86 are welded 1 18 together. 20 The crane is then
used to set 120 the inlet and outlet ductwork 40, 44
in place, along with its appropriate support

t%}e{-&'ﬁtéﬁrderetmdaﬂd“@or%@ét@@rtg hedP exéﬁaﬂg{%r(‘s‘é@?ﬁ&{te@l Qsing

et transition piece 42 and outlet transition
tid e dgairpasatfehy andheddensdBiOearemheatienin1 §2itd thanggjor
60 is installed 121, _including connection to the
camasmeats apofulodfoe 386 CHARERENRGOPS IS | BAEAEd] apg the

are wel ded 124 to the,stac l_ocat. | .
oHBoRA J8Pghe setike BrF et 8BRS RS TPl RiRigr
cBRnELiondHte ARLBILWYI FO wiieha3Bore8pbRtingUsy fent liesices.

time. Interconnecting piping 1 26 is run 1 28 between

Thiee catalySteainiex F@ingeer leadgrbnt 380irantdhet ECReaggment 28.

exchanger. WO 2004/ 047961 PCT/ US2003/ 034073 )
OB ST IB4 (Prcb Pif- Lok B GATNERS BEF LONRLSIE ek Han§HFing @

sﬁggmﬁ% tieggm Uﬁ{%ﬁlbeéﬁ%qmﬁe gigétaitéke-el‘faérﬁ@rrgﬁlrﬁ%enings

ders are unt e 32t he maj or conponents
I A ere2éut The, thesblankkiahaidr@4,i 34 ' indhstalied 1ad wtithen the
anmoni a vapor feed, electric power, control, and
stacit r A mngt itha Beatorrebengsls fegd 3nktratyey Iings W2bh are
t he corr ondj.ng system devices. The ca Ini
GBNEF Y bIRC THO A PROSEBH SEGRERt Dpth thd TokHt Enc
tRRMPESH . ONFR@IIANGNET SrhgAeHel cRERFYD i @facar € 2C aRdueieshion
138. During a scheduled tie-in outage 140, the flue,
tge ek syotdmai@ aretstarredperliodflys 36, 38 are cut 142,

t he bl ank/danper 34, 34' is installed . 144 within the .
10 st dtkdbsussgyabage: T@&tmeié&ﬁzﬂﬁﬁr?q'éekfcé'ﬁ‘& & fpAonia

SRS s LIPSyl P R akos 0N o e
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
NO, entering the emission treatment system 10, and the amount of NO,
exiting the emission treatment system 10. A flow sensor 154 positioned
upstream of AlIG 60 and NO, detectors 156, 158 located upstream of
AlIG 60 and at the outlet of fan 32, respectively, provide the necessary
inputs to controller 56 to control ammonia addition in this manner.
Alternatively, ammonia addition may be controlled on the basis of
ammonia carry-over or slip. For control in this manner, an ammonia

sensor 160 may be positioned at the outlet of fan 32. In still another

alternative, ammonia addition may be controlled on the basis of the fuel
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waésodiosmassed above,

the return. Finally, the ethylene-cracking furnace 12
and em ssion treatnent system 10 are started-up 1 50.
the notive force for injeptT/mg20ka34073
ammoni a 15 vapor into thei1flue gas streamis provided
by the vapor pressure of the ammonia in the anmonia
source 58. Wth reference to Figure 9, a throttle

val ve 152 in ammoni a vapor pipe 62 controls the flow
of the anmmonia 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 20 NOx
entering the em ssion treatnent system 10, and the
giopunto ofthBlObureris | g t dred etths sicomposEe re swﬂhemfuel
10. A flow sensar 1 54 posijti upstr

HHeranpegEeet f BLsman e pros'siepgv@é‘(véan SR B hrandae fuel
?gnﬁgm ah éfrlcﬂeQHHa%te Pé 16 2Bn | it gvgacr{n\é‘?l yAmPr'i(?Wé%por

necessary 1 nputs to contro to contr

WP wldiohit@rbd By bhésup@nBRTper@Qurdaherfieat ideedotors 166,
ammoni a addition may be controlled on the basis of
dldorii 20 dispogedvernynosid papqzdwp@cﬁﬁ rol in this

manner ensor, ~160 na

The ooV R R, PSR 107 Brodm i, S84 1R Fhs Hhrough
ATUHARSs ﬁﬁgitﬂeia%eﬁﬁkggﬁerﬁoﬂ(t) rigl rlnﬁﬁiwtgiﬁeﬁhﬁy bagiont@filet Me7 2
fuel WD 2004/ 047961 PCT/ US2003/ 034073 17 flow to the

buiinle ceontrdi e pmricrmrm[ﬁ@sdamper b735achefiniet of fan 32 on the
Interconnectlons 162 be provi

d .
o@ats af| &he SfG”aﬁHpP'Hepf Ure'céﬂf’rg?le fggé'?vj\‘fﬁgghﬁ"?sﬁi"ﬁeacéhe
]bdiff%%n?lgpéregg%ﬂe aérlagé Wﬁ%r anmnﬂl?fe\‘é”rpt‘?{l pr@ggﬂven?éfoss

fessure, erature and

dfétae@&@mﬁngleé@o 5réls@&re bzeedibﬁdomsad 1I7% Qfmmd’lirﬂet\/a:ﬁ)@routlet
pi pe 62. Wth reference to Figure 10, proper flow of

tffanlddb rgasectivadygind tirféer@n1|glspmspreeéewémr%ﬂﬁeﬁﬁﬂoon
l er 2 whi ch. control s the:

TS ARy efarsd 30, e ianbPrar P i [Ryrs
Q%Sb§nt¢8||ér:‘¢7f2an THEPREMpBF AR, tH @lukaPadli siFdh ORay be
pnasr?liclnjrre(cei 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 1390 positioned in the boiler feedwater inlet and outlet of the heat
exchanger 30 provide the necessary inputs to controller 56 to feedwater
flow in this manner. Temperature detectors 192, 194 in the flue gas
stream upstream and downstream of heat exchanger 30, respectively,
allow the efficiency of the heat exchanger 30 to be monitored.

The emission treatment system 10 described above is intended

for use in treating flue gas having little or no sulfur. If sulfur is present
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10 differential pressure across SCR 28, and the
differential pressure across heat exchanger 30.

woe@goumel det ectors 174, 176 at the inlet and PCK/U82003/034073

of fan 32, respectively, an differential pressure
detectors 178, 1 80 on SCR 28 and heat exchanger 30,
respectively, provide necessary inputs to controller
172. The tenperature of the flue gas stream nay be 15
nonitored by a tenperature detector 1 82 positioned
upstreamof AIG 60 (Figure 9). Wth reference to
Figure 1 1, a feed punp 1 84 in the heat exchanger

off 8RsedBE toehalpFedenf@s tAE 6lueogdy, Ausht Hidflr mwsobetrieenoved
boil er feedwater through heat exchanger 30. The speed

before i flug passerrerscibwet $ OR Ise@MAN a2 BorfieoMag aBBPBRENts
mOgHsA BB AE BRI SRRIE g & YTHoAhE T Ber At Eefit o
stRS Q/E?tic]aﬁ)ggg&?lﬁé 01386k JAULBE tROLIRoff RIWAE BFint Rdflired

and outl et e heat exchanger 30 provide the
faneioesdbingy thapmbsguteo26ontHoedvaxr, H6the fodeednatsere isf howva

in this manner. Tenperature detectors 19§, 194 in the
CONGREN gdEe25N3PF CAMRRYENE aOSNE TRve R HiStaked as a

PSR 3, REIASEL/ RNy ol Ale g eRSH Pl

ekdrerigeesdgrayatens 1@odescri bed above is intended for
use in treating flue gas having little or no sul fur.

| f suMany iethytensestecki0g2(0m 3439612 PCAY JSEES/ GBUJTigst
18 or. expect to be present in the flue s,,.such .
e R G M (i S T
werR 288FBI e 2hdel NRe B Um QMMM ardRd W &néber, Shewer
al so descri bed above as a vertical system The benefit
“scond uEmeaatiat t|bwalN O \airednsirausthiad used ne deds ldvees winieh

of the foot print required 5 for installing the nodule
args AQGeRERRIE, UPfet HBef HEW HMiseiaisz S1aRdFEE a TRBneetand

oh e B ey LSRR BB PR B L e
12hguSER wRddifiaént flame shape and heat distribution produced by
such burners, compared to first generation low NO, burners. It 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
departing from the spirit and scope of the invention. Accordingly, it is to
be understood that the present invention has been described by way of

illustration and not limitation.
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exchange segnents 28, 30. Many et hyl ene-cracking
furnaces 12 have relied on "first 10 generation" |ow

woOieo4burrer s to reduce NOx em ssions to | evel spebhiusivos3/034073

wer e acceptabl e under the abd em ssions standards.
However, newer "second generation” |ow NOx burners
must be used to attain levels which are acceptable
under the new em ssions standards. The second
generation | ow NOx burners adversely affect the
efficiency of the furnace 15 12 due to the different
flame shape and heat distribution produced by such
Wihatés slaimedpared to first generation | ow NOx burners.
It should be appreciated that the use of the em ssion
treatment system 10 allows the continued use of the
first AANGHALIAN t/eQmblX sDLHERE TSy rdRBURRYN OTRIrBRRFIOE Hhs
the ethyl ene-cracking furnace 12 at peak efficiency.
¢mit2d atrdugham obtletnerd cbatvedicalysheasdimgystbek dised one or
whi ch optim ze burner efficiency. Wile Pr ferred
BWhDdPHEIRS AiSPESER el ﬁﬁ‘omeén‘?ﬁqvje%fcrtf‘ﬁea,ac affi§Rystem
nodi f.is%%ti ons and substitutions may be nade thereto

W' ROGt "departing fromthe spirit and scope of the

I nvent i Yive AT hErRBéY adaftetiSfot @Idfin§ahenstacktaucd pobaton
the present invention has been described by way of
inténmsediate ome aret and outlat eads.on. WO 2004/ 047961

PCT/ US2003/ 034073 19 What is clainmed is: 1 . An, _ .

eri ssi BINIPBAPRBRN By M BEELb O et Ma 9B Prvigs an
gt argﬁbﬁts%h ts%l?\léﬂlﬂ 28 BHd Slb-RIHMNE Ravier fineat kXchange
extendi ng stack fromone or nore burners di sposed at
88grnBhgtarend third she-rabdalk havirey sy $Dean andcamputist,ngachaot
di versi on nenber adapted for closing the stack at a .
b i eubomodu e MAvit Gt Siafe aNA| ¥teighd WiibiNesSiEnged weight

limitations of a conventional flat-bed tractor trailer, the second sub-
module being mountable between the first and second sub-modules,
whereby the major component module defines a flue gas flow path
extending from the inlet of the first sub-module to the outlet of the third
sub-module;

inlet ductwork adapted for providing a passageway from the
stack to the inlet of the first sub-module, the inlet ductwork being in fluid
communication with the stack at a position intermediate the inlet end of
the stack and the diversion member;

outlet ductwork adapted for providing a passageway from the
outlet of the third sub-module to the stack, the outlet ductwork being in
fluid communication with the stack at a position intermediate the
diversion member and the outlet end of the stack; and

an ammonia addition subsystem adapted for injecting ammonia

vapor into the inlet ductwork.
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waa4mpmdel e havi ng a heat exchange

a maj or conponent nodule including a first sub-nodul e
having an inlet and an SCR segnent, a second

third sub-nodul e having an2PD fan and an outlet, each
of the sub-nodul es having a size and weight within
size and weight I|imtations of a conventional

flat-bed tractor trailer, the second sub- nodul e being
nount abl e between the first and second sub-nodul es,
wher eby the maj or conponent nodul e defines a flue gas
flow path 15 extending fromthe inlet of the first
2sub- myailednik SiohNee AHidrRtsyatent 8 difint d weiebeirDthel dyversion
inl et ductwork adapted for providing a passageway from
memebersis ac klan&irtchenamibest of the first sub-nodule, the
inlet ductwork being in fluid communication with the
stack at a position internediate the inlet end of 20
gthe Strg@‘%rﬁgglokhﬁeﬁhyﬁt%'y@fbmélm QUi R e i UYL Krsion
adapted for providing a passageway fromthe outlet of
nidrebéisralbgphssréidpper.t o t he stack, the outl et ductwork
being in fluid conmunication with the stack at a
position internediate the diversion nenber and the

qoutl e‘rpgng%sy{; ét?r%?\t g\égeg&:’ ANcAMPR & Rddiht ‘cl'?gn inlet

SUbsys I nj I'ng amMmoni a vapor into

thame %I@H&t mwsta\mam%r%ﬁemuﬁcy $452031i8BA0ZAical
2. The emi ssion treatnment systemof claim1l wherein

rtuhl,earwhl woralbovwy digpodest theyehetyegrki ng nmenber. 3. The

em ssion treatnent systemof claiml1l wherein the

diversion menber is a bypass flapper. 5 4. The

g SS' rECLIER etk R Rfehl 8f MamMaelgidieinthd Bl

duct wo |nc des a substantiall'y horizontal run, a

ns¢|b5éaat iedslt Yoneembiveable vane, diapdsed tiedédeaw di sposed

t her ebet ween.

6. The emission treatment system of claim 4 wherein the ammonia

addition subsystem includes an ammonia injection grid disposed within

the horizontal run.

7. The emission treatment system of claim 6 wherein the ammonia
injection grid is positioned within ten feet of the stack and the ammonia

addition subsystem does not include a mixer or diffuser.

8. The emission treatment system of claim 6 wherein the ammonia
addition subsystem does not include any dilution air blower, blower

control, or ducting.

9. The emission treatment system of claim 6 wherein the ammonia
addition subsystem also includes a source of ammonia vapor the source

of ammonia vapor containing a quantity of ammonia, the vapor pressure

10 segment PCHOMR083/034073
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5. The em ssion treatnent system of claim4 wherein
the el bow includes at | east one npveabl e vane

wob@pos®dl t herein. 10 6. The em ssion treat nenPCEYS1085034073

of claim4 wherein the ammuami a addition subsystem

i ncl udes an ammoni a injection grid disposed within

the horizontal run. 7. The em ssion treatnent system

of claim6 wherein the ammonia injection grid is

positioned within ten feet of the stack and the

ammoni a 15 addition subsystem does not include a

m xer or diffuser. 8. The em ssion treatnent system of
of tHH Binbn IS RbWidINEa ARG Rorcd s ihicdtingUibeyshemrd@eapor

not include any dilution air blower, blower control,
indo inlet diuntwotk. The eni ssion treatnent system of claim

6 wherein the ammonia 20 addition subsystem al so

i ncl udes a source of anmoni a vapor the source of

non; i iy ididh of wRBFERItRe dri@onia
‘Qapor*rﬁ?!e?@%'sﬁ%é%@ﬁ S A 3 WALTERD tRe dniond
adidigioanzmby ya t @moftirthérginaludetsi ae dhomoeid vrpbnjpeee ipngvidite
anmoni a vapor, into inlet ductwork. 10. The em ssion
fluide gommMuNiopsioBnP e esn i the SAMies ¢t fn arHBCaknYAPYT and the

a%%%é%ih?@&?ﬁ?ﬁé%%gr%t{hﬁ(?tél%evral\i/@gis@gﬁ d 0 aﬁmmaav%rgd}oﬁipe,

conmuni on between t

afQU4s &ndfoAlERALEr WRiPlio A ntlBleATEPHontidiigg tthenthrottle
grid, a throttle val ve di sposed in anmoni a vapor pipe,

valvé. an ammoni a vapor addition controller for
controlling the throttle valve. 1 1 . The em ssion
treatment systemof claim 10 further conprising a 10

1hl ue g8 dhRWPensAmANE @bk elaiNe% oR1 @50t omprising a

positioned internediate the stack and the anmoni a
fiuejgzetfican sghsor amdlaaninleulDgtdeNedtodpbeitivaed iptesmedane dhe
intermediate the ID fan and the stack, each of_ the
stpgke@ngr ghe ammonia injection grid and an outlet NO, detector
positioned intermediate the ID fan and the stack, each of the detectors
being in electrical communication with the ammonia vapor addition

controller.

12. The emission treatment system of claim 10 further comprising an
ammonia sensor positioned intermediate the ID fan and the stack in

electrical communication with the ammonia vapor addition controller.

13. The emission treatment system of claim 10 wherein the burner
includes a fuel controller and the ammonia vapor addition controller is

adapted for communicating with the fuel controller.

14. The emission treatment system of claim 1 wherein the SCR
segment includes a housing having first and second oppositely disposed

inner surfaces, a plurality of catalyst units disposed within the housing,
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being in electrical comunication with the anmoni a
vapor addition controller. 15 12. The em ssion

wo ce@abeeet system of claim 10 further conpri SiPQI/as2003/034073

ammoni a sensor positioned i2aternmedi ate the ID fan and
the stack in electrical conmunication with the
anmoni a vapor addition controller. 13. The em ssion
treatment system of claim 10 wherein the burner

i ncludes a fuel controller and the ammoni a vapor
addition controller is 20 adapted for comuni cating
wth the fuel controller. 14. The em ssion treat nment
ary ot firat Hpppenahayingwheifeiedge mevaelly meymas tq Hee fisdsinger
hqusi ng, havi ng., first, and second, oppositel IS e
siitfer She thebarenns) bARR; HRaPeiaBaryehh dpfh TR ess
pU&itibhe, '@H%ef_irIEQlf'l%FPgw b¥iBg 204 ¥t 486k ePirEh USRE0S 9840 iBthe
22 and a first apper "having a side edge pivotally

openl pbeidioncarichexfendsty overesubssantfallyey fitdtehdif ostthelcappest

bei ng noveabl e between open and clgsed goritions, t he
upitp 9B theapi9srd RASHEORd] alc&ast e Re thErS3tatifeynits being

s AT S g e i T RO

the closed position , at |east one of the catalyst
units being conposed of materials for selectively

18at al yhengmisejon sreathengraysséonot cleammdAt Wdieseianthr SCR
claiw11ﬁ whenehn t he SCR fﬁggpe t also in I%Qﬁ% a. ol
SEaTERY A peHdfavi 7§eand &a&aavdwo? A7y SIRSuRtea"Y
n%&mttag 1§ 8FQREcHRAFN YL L8, tHd S SHRONGDHEADNARE REVdble
noveabl e 10 bet ween open and cl osed positions, "the
beeweer obkamper cibsedgositipasete $axonidhfta mee dreing adg@cent to

surface in the open position and extendi ng over .
tRe HSRGANG ANNES SUEf@EBNA MAE fORAN tARSIRR a3 VEtEXIRNENG QVer

| 2 S N
<LB8BHBRT %P A0 01 e (PR FLLERS B hE 8 i osiion.
catalyst units is conposed of materials for

sel ectively catalyzing 15 pollutants other than NOX.
16. The emission treatment system of claim 14 wherein at least one

of the catalyst units is composed of materials for selectively catalyzing

pollutants other than NO,.

17. The emission treatment system of claim 14 wherein at least one
of the catalyst units is composed of materials for selectively catalyzing

NOy and other pollutants.

18. The emission treatment system of claim 14 wherein the first sub-
module also has a housing disposed intermediate the SCR segment and
the inlet and at least one catalyst unit composed of materials for

selectively catalyzing pollutants other than NOy.
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17. The emi ssion treatnent system of claim 14 wherein
at least one of the catalyst units is conposed of

woraioeimbs for selectively catalyzing NOx andrP@OI/li82003/034073

pol lutants. 18. The enissi@pd treatnent system of claim
14 wherein the first sub- 20 nodul e al so has a housing
di sposed internedi ate the SCR segnent and the inlet
and at | east one catal yst unit conposed of materials
for selectively catalyzing pollutants other than NO.
WD 2004/ 047961 PCT/ US2003/ 034073 23 19. The em ssion
treatnment systemof claim1l wherein the first sub-
1endul hel eaissas aedinhérer estéml ofpeless Ur evitseiecthe fifsgrsub-
detecting the differential pressure acrqss the SCR
medulgealsd hasbandifferentps Prazsirg dareqlar diefi getecting the
pr.essyre detectqr r..de ti it f.e '

Bl ERE pEE ST YR RS R sk nd kPR Rl

dHbrerBidUb R salr0ddtast i aopaeteeding ik difigrentiabprdssucsigiross
the 1D fan, a danper controller for controlling the

tpesieat exchasfger hand tirpttircasih-prasiséaipsodeasedarppsr aentrallng

jnlet an ut of the 1D fan the different,al s

flSbiRBnidi if b aamane seialiet 25 EhaphFY 4R nesitian
I ' L Gatd ' i Et $OtHeEID fan,

R e B L et

thy sdifimr éretial rreBstiregdetiOkorkr amd thei@rgesurendateetbrbybeng in

or nore burners of a plant, the burners being |ocated

elgctaigal pRBMEHERHIN éi“?pléﬂt"? gamnapr SNdifdiehy st ack, the

flue gas being discharged through an outlet end of

the stack, the em ssion treatnent systemincluding an

20 et Augdtwehlof irdtalinl |t erfllds IonO &atnddht ey s8dTIBF Femoving
addi ti on subsystem and a maj or conponent nodul e

Mayifrogn dlue gasl enjttathbpOReswgners bumeneaf aedanarigeburners
08 Bt T R SRR B0 B g
ik oiﬂ'i{scﬁgﬁ%ﬁt kS LARELAL bOflet @hdt BE HeaBtacK Nehd Rinkik&bn
I nstallation including
treatment system including an inlet ductwork, an outlet ductwork, an
ammonia addition subsystem, and a major component module having an
inlet, an SCR segment, a heat exchanger segment, and an outlet, the
method comprising the following steps:
a) conducting an initial installation without impacting operation
of the plant, the initial installation including
setting the major components module adjacent to the stack
connecting the inlet ductwork to the inlet of the major
component module,
connecting the outlet ductwork to the outlet of the major
component module, and
connecting emission treatment system/plant interfaces to

the emission treatment system;

b) conducting a tie-in outage including



20 setting the major conponents nodul e adjacent to the
stack connecting the inlet ductwork to the inlet of
W b@4ejoer  conponent nodul e, connecting the oRCT/E82003/034073
ductwork to the outlet of t2he major conponent nodul e,
and 25 connecting em ssion treatnent systeni pl ant
interfaces to the em ssion treatnent systen b)
conducting a tie-in outage including WO 2004/ 047961
PCT/ US2003/ 034073 24 shutting the plant down,
installing a diversion nenber in the stack
internmedi ate the inlet and outlet ends, providing
fluid conmtitiagi e dietwweewnt he stack and the 5 inlet

and outl et ductwork, and connecting eni E&% .on tregtnent
syst em pI ainstallingp divassiopdnepher i dNErMGARE; 1)

up t and. the em ssion treat ment system

The C{)f’ ﬂ?taF?ﬁ%O further conprising the step of
conductl NGprolfdifg M6 8bATMh BiGicalen ewalkear thepstack dindethe
after the |n|t|a instal | ation, w thout inpacting

5 oper ainietraraf ottiet pUatrvt/orkzzndThe met hod of claim 20
further corrpr|S|n the ste arin t
bef ore thec?’i'f‘?qt%\‘l §RSCAN E{F g” ﬂ&ﬂ?’plﬁ‘?g Bf‘%’ﬁ%es to
oper plant, the step of preparing the
pl ante‘{H gll R&l%{‘;& 15 selecting a site for the major
conpoggedtaftirdulLie;thamtant arsd ahd engssoh atgadetendrsyatemhe

site. 23. The nethod of claim22 wherein the step of
preparing the plant also includes:

21. The method of claim 20 further comprising the step of conducting
10 commissioning and pre-start procedures after the initial installation,

without impacting operation of the plant.

22. The method of claim 20 further comprising the step of preparing
the plant before the initial installation, without impacting operation of the
plant, the step of preparing the plant including:

15 selecting a site for the major component module; and

installing a foundation at the site.

23. The method of claim 22 wherein the step of preparing the plant
also includes:

determining locations for a flue gas take-off opening and

20 a flue gas return opening;
identifying a heat exchanger take-off and a heat exchanger
return;
identifying an ammonia vapor source;
identifying an electric power source; and

25 identifying control system interfaces.
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determ ning | ocations for a flue gas take-off opening
and 20 a flue gas return opening; identifying a heat

wexohanmger take-off and a heat exchanger ret uP@T/US2003/034073

identifying an ammoni a vapa@s source; identifying an

el ectric power source; and 25 identifying control

systeminterfaces. WO 2004/ 047961 PCT/ US2003/ 034073

25 24. The nmethod of claim22 wherein the step of

setting the nmajor conponents nodul e includes: setting

a | ower sub-nodul e having the outlet and an ID fan on

the foundation; 5 bolting the | ower sub-nodule to the

foundation; setting a m ddle sub-nodule having the
2heat Ekehanterd ofetrimn 2owheten [tbeestenudl apidinidethe major

setting an upper sub-nodul e having the SCR segnent and
ComPenepts W%P‘ﬁ? Hlﬂ?‘édess'db- modul e; and 10 wel ding the
sub- modul e&{r?%ﬁérborer &ﬁ:-m%&%léfﬁéﬁgg_tﬂé iRk BhdQin ID fan

wherein the's connecting t inlet and outl et

duct wepkheaehndatbarde: setting the ductwork in place;
and securing the ductwork with a support structure. 15

26. The nebhBihgotheciosiah 2b-meeits ko the fappgatn:

connecting_eJni ssion.  Ireatnment t 0t 8l HaREs
to the em §§{P5}9 Frré’éqcﬂ%nstu srygtdgfné/%itaﬁcﬁg%@%:heiagseﬁgl ?lﬁﬁgr
an arrgg@‘in%nit RineGHel 180 3 'duth-Miobig? the inlet ductwork;
and
setting an upper sub-module having the SCR segment and
inlet on the middle sub-module; and

welding the sub-modules together.

25. The method of claim 20 wherein the steps of connecting the inlet
and outlet ductwork each include:
setting the ductwork in place; and

securing the ductwork with a support structure.

26. The method of claim 23 wherein the step of connecting emission
treatment system/plant interfaces to the emission treatment system
includes:
installing an ammonia injection grid within the inlet
ductwork; and
connecting the ammonia injection grid to the ammonia

vapor source.

27. The method of claim 23 wherein the step of connecting emission
treatment system/plant interfaces to the emission treatment system

includes:
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20 connecting the ammnia injection grid to the
anmoni a vapor source. 27. The nethod of claim 23

wob@neiTet he step of connecting enission treaP@BENE2003/034073

systenf pl ant interfaces to26he em ssion treatnent
system includes: WD 2004/ 047961 PCT/ US2003/ 034073 26
wel ding an inlet flange to the stack at the | ocation
for the flue gas take-off opening; and wel ding an
outlet flange to the stack at the location for the
flue gas return opening. 5 28. The nethod of claim 23
wherein the' step of connecting em ssion treatnent
syst e pl a%elgmgeérﬁ AASSHIARyd REURITL BRIKOR {HELRICEBBh for the
system includes: running 1nterconnecting piping

bet wedluet dres hebaet-o Haemmyerandsegnent and t he heat

exchanger take-off and return; and 10 conne tin tpe h
i nt er connec¥#leingRHPHYECE banaeato BecHARkEt ¢ Ei‘b‘??é&’f" chghe

The hod_ of [ wherein the step of connecting
em sg}?@ﬁ g?sr éeé( h@ﬁ?eéﬁ;‘gt’ em plant interfaces to the
em ssion treatnent system includes: 15 connecting the

el ectric power source; and connecting the control
28;st effilenmetiictt e claB0.2rndengin b séeP Of FORNSOtINH EFEFHON

the step of conducting.an initjial _instal '

R FYRPTUBE o BT A spr e or RIS | UBRiPE sveter

i%b%s: conmponents nodule. 20 31. The nethod of claim
erein the step of conducting an initial

i nstal | ati aanhingtihesrcomedatgpipiogdiety ecattakeysat enchhanger

into the SCR segnent.
segment and the heat exchanger take-off and return; and

connecting the interconnection piping to heat exchanger

segment.

29. The method of claim 23 wherein the step of connecting emission

treatment system/plant interfaces to the emission treatment system

includes:
connecting the electric power source; and
connecting the control system interfaces.
30. The method of claim 20 wherein the step of conducting an initial

installation further includes mounting platforms and ladders to the major

components module.

31. The method of claim 20 wherein the step of conducting an initial

installation further includes loading catalyst units into the SCR segment.



WD 2004/ 047961 PCT/ US2003/ 034073 27 32. The nethod of
claim 20 wherein the step of providing fluid

W@ ormeiocnt i on bet ween the stack and the inl et PEUS2003/034073
outl et ductwork includes: 2¢utting the flue gas
take-of f and return openings in the 5 stack; and
connecting the inlet and outlet ductwork to the inlet
and outlet flanges. 33. The nethod of claim28
wherein the step of connecting em ssion treatnent
systen’ plant interfaces to the plant includes
connecting the 10 interconnection piping to the heat
IXchandey nedtedobf daith t2te wieérneim.the step of providing fluid

communication between the stack and the inlet and outlet ductwork
includes:
cutting the flue gas take-off and return openings in the
5 stack; and
connecting the inlet and outlet ductwork to the inlet and

outlet flanges.

33. The method of claim 28 wherein the step of connecting emission
treatment system/plant interfaces to the plant includes connecting the

10 interconnection piping to the heat exchanger take-off and the return.



