WD 2004/ 047961 PCT/ US2003/ 034073 EM SSI ON TREATMENT SYSTEM Background of
the invention This invention rel ates general ly to (brocesses and appar at us
for the renoval of nitrogen oxides or " (principally nitric oxide (NO
and 5 ni Q¥ OYT98%i de (N2)) from exhaust gases and t h&CF{U&2003{BHa3
particularly, the present invention relates to processes and apparatus for
reduci ng NOx sel ectively from exhaust gases produced during petrol eum
refining, petrochem cal production and also to industrial processes

produci ng exhaust gases contai ning NO, 10 Carbonaceous fuels are burned in
i nternal conbustion engi nes and in a wide variety of industrial process
(i.e. boilers, furnacesg q-rnﬁ trol eum refining,
petrochem cal producti on gﬂ?ﬁde AWEEXWTCZSSZgE%requent ly is used to
conpl ete the oxidation of conbustlon byproducts such as carbon nonoxi de
(CO, hydrggeai £ 15 radicals of nitrogen (N2) and oxygen
(02) conbine kﬁg(;nllﬁggmtﬁtggﬁ?%rﬁnﬁgm primarily NO, at high conbustion

t enperat ures. ThiThié hﬁ.remionl‘d@)etet genkvatlp té provesses andepparatuedenthies not
present in the fuel. Conbustion nodifications which decrease_the formation
of thernal rmvgé@érfamo)gear@xtdpﬁrﬁrt Ry (PH@C'QéHérfuffifoﬁXt#e Pe@ndnabl e

byprodycts or deterior O .flane properties. char to the
air, eni™UPERL dig Wg?’f rp'ﬁ/ﬁ 2R Fh ?N&g ﬂwres@(nce g’?gsunl i ght
reacts wt an?&ﬂE:’l ord ngﬁé%'eﬁt ﬁ'RfQﬁ?iHHqélatésotJ 9?5&&%@&%& gaﬁérawm@r eye
irritants ot oc snog. Despite advancenments in fuel and
conbusti on r‘eeodilnglegy sefpcovely fremeexHiusonases poodentd durioppestalebmexceed

federal guidelines in many urban regions. Under the Clean Air Act and its
“amendnent s fefinnge BeHRshABHCalapradustiON ande akSImist IndpyteAbmrosessaigent NOx

em ssions reqyl ati ons. uch rec%ul at i onﬁlor equire | ow NOx em ssions |evels
that are atff HH‘é'Hgo gases ntaining
10 Carbonaceous fuels are burned in internal combustion engines and

in a wide variety of industrial process (i.e. boilers, furnaces, heaters and
incinerators, petroleum refining, petrochemical production, and the like).
Excess air frequently is used to complete the oxidation of combuqion
byproducts such as carbon mongxide {CO), hydrocarbons and soot. Free
15 radicals of nitrogen (N,) and oxygen (0O,) combine chemically to form
NO,, primarily NO, at high combustion temperatures. This thermal NO,
tends 10 form even when nitrogen is not present in the fuel. Combustion
modifications which decrease the formation of thermal NO, generally are
limited by the generation of objectionable byproducts or deteriorating
20 flame properties.

When discharged to the air, NO emissions oxidize to form NG,,
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

25 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 NO, emissions levels that are attained only

by exhaust after-treatment. When an exhaust after-treatment system is



by exhaust after-treatnent. Wien an exhaust after-treatnment systemis WO
2004/ 047961 PCT/ US2003/ 034073 2 applied to a refinefy or petrochenical

plant, it is particularly inportant to mninmze any inp eration,
of the un¥&IAY¢etining or petrocgerri cal process. Exﬁéﬁgg%omﬁ"%

after-treatnment techniques tend to reduce NOx using 5 various chem cal or
catal ytic nethods. Such nethods are known in the art and involve

non-sel ective catal ytic reduction (NSCR), selective catalytic reduction
(SCR) or selective noncatal ytic reduction (SNCR). Alternatively, NO may be
oxidized to NO2 for renoval by wet scrubbers. Such after-treatnent nethods
typically require sone type of reactant for 10 renoval of NOx em ssions.
Vet scrubbi sgplizd NCR redfiiroeshy aerspetestheensiobiuglann st ishparteeparés anportgot éat i al
sources of water pollution. Wet scrubbers primarily are used for NOX

eni ssi ons fMENMize rany ABIPACH| AMttdeoPPe@mtiopoRt Uit HPJEBNI RIS BPINGOST . wi t h

sul fur di oxi de éﬁoz . H gh costs and conplexity generally imt 15 scrubber .
t echnol ogy P%'Q W%&@f&?e%pl i cations. The NSCR met hod typically uses

unbur ned hydrOcaré?ﬂiﬁﬁ”gf@@treta?rlnreﬁ@%Ehr?@lﬁleﬁmeﬁﬁi nselilcs heoghsange of 02.

Fuel /air ratios nmust be controlled carefu to ensure | ow eXxcess 0,. Both
reduct i ®n apgrioudxtierhican ot 2bgdly st snevhedeeediash trietheds\wedmosn amshef CO and
20 hydrocarbons while al so reducing NO The cost of renoving excess Q2
preci udes paicendalinugiye i caniseiestve K et itsustios RSEC2- s@IBEHVRI ng

o 0 TS IS S SRR, AR ke aE T aRlo o o
25 removal aRdrdRiven), NOIHSF H6:53i288 %0 Mo Cro e SN Gty dLBBaiPONS.
Large cat al yst vo' unes are nor mal ?y needed’ t o produce | ow | evel s of NOx.
Such after-treatment methods typically require some type of reactant for
10  remaoval of NO, emissions.
Wet scrubbing of NO, produces waste solutions that represent
potential sources of water pollution. Wet scrubbers primarily are used for
NO, emissions from nitric acid plants or for concurrent removal of ‘NO,
with sulfur dioxide (SO,}. High costs and complexity generally limit
15 scrubber technology to such special applications.
The NSCR method typicaily 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
20 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 NO,
25 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



The catal yst activity depends on tenperature and declines with use. Nornal
variations in catalyst(activity are accommodat ed @nly by enl argi ng WO

2004/ 047961 PCT/ US2003/ 034073 3 the volunme of catalyst or limting the
range of NSRWHOIPR operation. Catalysts may require rePCHUEHIH340T3
prematurely due to sintering or poisohing when exposed to high levels of
tenperature or exhaust contam nants. 5 Comrercial SCR systens primarily use
anmonia (NH3) as the reductant. Excess NH3 needed to achieve | ow NOx |evels
tends to result in NH3 breakthrough as a byproduct em ssion. Even under
normal operating conditions, SCR systens require a uniformdistribution of
NH3 relative to NOx in the exhaust gas. NOx em ssions, however, are 10

frequently distributed nonuniformy, so low levels of both NOx and NH3
br eakt hr outpe walurpe cfcrat@nsd onlipitye d6AtREBEI HgCeMOUFTeN PREATISA - of

injected N r mxing the. exhayst to uni f orm vel . ry of the
| nventi on E%Fé’f/ﬁ? ST Gt Re"S ?/%"?{PFBﬁ qrﬁ"?(%ﬁ?eéw?éegtof osr'%%ﬁgggﬁyem ssi on
15 treat mephi-Sit® Wheh &GS 00 NG 1VBIL | o€ (R eFtUrbelr THTEAr
vertical | y"extendl ng stac Ich conprises a diversion nmenber that closes
the stack gbnmanfiPants.on internediate the inlet and outlet ends. A ngjor

conponent nodul e includes a first sub-nodule having an inlet and an SCR
segnend, a seconBosubergialubERays e . PHERME X SRaAFENRIgGnEW ;) 20 thad a third

sub- nodul e having ap |ID f and . an out] et. Each.of the sub- nodules has a
ci'ze and werdrcany ¢ Rrorssi 9 BRA0GE G AERRY A PR IE 25 A0 ERE Y Eral
flat-bed tiRQUAL drefhitfbualNgs SPERRRANY BRAYIEN] S EVRANLAer hirHREN the
first and second sub-nodufes to forma flue gas flow path extending from
tthe inl et apetdipgf caraditiond)-IOHWYBtéms trbguioeital wiifarin diwribbtiod FSNBEyYb- nodul e.
Inl et ductwork, which is in fluid communication with the

relative to NOy in the exhaust gas. NO, emissions, however, are

10 frequently distributed nonuniformly, so low levels of both NOy and NH,
breakthrough may be achieved only by controlling the distribution of

injected NH; or mixing the exhaust to a uniform NO, level.

Summary of the Invention
Briefly stated, the invention in a preferred form is an emission
15 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 intet and
an SCR segment, a second sub-module having a heat exchange segment,
20 and a third sub-module having an ID fan and an outlet. Each of the sub-
moduies 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
25 sub-module. Inlet ductwork, which is in fluid communication with the
stack at a position i_ntermediate the inlet end of the stack and the

diversion member, provides a passageway from the stack to the inlet of



stack at a position internediate the inlet end of the stack and the

di versi on nenber, providés a passageway fromthe stdck to the inlet of WO
2004/ 047961 PCT/ US2003/ 034073 4 the first sub-nodul e. rk

whi ch i s WA2RHIHE ormuni cation with the stack at a po%jﬁgﬁnﬁlﬁg‘rﬁmdi ate
the diversion nmenber and the outlet end of the stack, provides a passageway
fromthe outlet of the third sub-nodule to the stack. An amoni a addition
subsysteminjects 5 ammonia vapor into the inlet ductwork. The diversion
menber may be either a fixed a blanking nmenber or a noveabl e bypass

fl apper. The inlet ductwork includes a horizontal run connected to a
vertical run by an el bow. At |east one noveable vane my be disposed in the

el bow to reduce 1 he pressure~d her et.hr o 10 LT j jtion
subsystem itﬁgl Ua{egu Ang ni%uflgfg%f:ﬁﬁﬂrmgvyﬁ%“d'fgigoﬂsﬂg %ﬁﬁﬁ{uﬁ?ﬁ'ﬁe ori zontal
run of the yphghedabkitka phéitioREntérmadib@ {HY 8RlerfiBndhifhtes dmesttd oned
within ten feet of the stack, a mxer or diffuser is not required to ensure
suf fi ci ent dgutldtnghdbftthe stavionpeovideparpassdgklvey fras theeutlgdof theessure of
the anmonia in the source of 15 anmoni a vapor provides the notive force for

i nj ecting tthedassbomogdulepethe istaek | Areamanetiaciddition sebsyRieM JABEHS pi pe

provi d? fluid comuni cz%ti Rnrjrﬁ%&v(@en thg source of ammoni a vapor and the
anmoni i rﬁr\émc.\lan.lvap?rdl_n 2"y i é’c\%ﬁ% "addition controller controls a
throttle valve disdaRefsibR chBMERTTRE deVaRfr PhiR8d al BRINKIAE Membapor
addition 20 controller may receive signals froma flue gas Tl ow sensor and
an inlet NXxadedvaabbe bppssd flappelr.i herintedidatcewicnk istladks andotiimitahmoni a
injection grid and an outlet NOx detector positioned internediate the fan
and the straplcansectashta aivertigR! rue byrn eibaw oA tdeRmne THysebleayans nati vel y, .
the ammoni a_vapor. addifion cgptroller, my receive signal,s {10 anmoni a
25 sensor p’BEYt eo?féﬁo? ' {b@ﬁﬁ{:g %%(raeq‘ugﬁ tgﬁamleﬁ%urset%'%lg hoerre{(’:hor?f‘gﬁl ling the

10 The ammonia addition subsystem inciudes an ammonia injection

grid disposed within the horizontal run of the inlet ductwork. If the
ammonia injection grid is positioned within ten feet of the stack, a mixer
or diffuser is not required to ensure sufficient mixing of the ammonia
vapor and flue gas. The vapor pressure of the ammonia in the source of
15 ammonia vapor provides the motive force for injecting the ammonia vapor
into inlet ductwork. An ammonia vapor pipe provides 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
20  controller may receive signals from a flue gas flow sensor and an inlet
NO, 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
25 sensor positioned intermediate the fan and the stack for coniro!ling the
addition of ammonia vapor. In another alternative the ammonia vapor

addition controller may receive signals from a fuel controller.



addi ti on of ammoni a vapor. In another alternative the amoni a vapor

addi tion controller may receive signals froma fugl controller. WO

2004/ 047961 PCT/ US2003/ 034073 5 The SCR segnent includes a housing, a
plurality Y9 203041%%t units disposed within the housi ngPCER§203M34033

fl apper having a side edge pivotally founted to an inner surface of the
housing. The first flapper is noveable between open and cl osed positions,
with the first flapper being 5 adjacent to the housing inner surface in the
open position and extending over a first half of the catalyst units in the
cl osed position. The SCR segnent may al so include a second flapper having a
side edge pivotally nounted to the housing inner surface. The second

fl apper is noveabl e between open and cl osed positions, with the second

f1apper being 10ﬁ®§§§”§se§tggeathﬁcm US hMHbUSMEra BRITBRG oS (E‘at_taR%thHﬁgl posi tion

and extending over t nd halt of the catalyst units in the cl osed
position. Aisgovest withia te hoesimt adrdsta fingtt Slappendavimpasaileokedgat eri al s
for selectively <catalyzing NOx. In a first alternative, at |east one of the
cat al yst umivagallyrayourged depas smeosuitage pf ane hposinge| Boe ifigel ffapprardsyzi ng

pol lutants ot her 15 than NOX. 1n second .alternativ | east .one of the
catal yst uffpeable EEB‘?fﬁB@é’&era%‘f}aﬁ 'P%SIFBPS'S\@(I['} ctﬂeﬁgls‘gt”@ﬁ?ﬁrl D&MHg NOx and
ot her | Y IS itt I onduct i ng
an i B al R o e R P Bl o b et The
initial ingivaklafiranhaifafutescsalystngitshin g eioseadnposieohs Thduw@Radj acent
20 to the stack, connecting the inlet and outlet ductwork to the inlet and
outl et of tseaMeLjtoNay@ipdiudeddigcend flanpeshiaying @ sidel edearmde@ialy eni ssi on
tir eat ment system Iag_t?fh"é‘nt erfaces toft he e[m Ssion t{leat ment sgstem Fi nal

i nstal | ati SROYRE5TS §UBY 9 BRAL Y Age-a e §PTSLT aRRET RHPEKEPRIEI udes

shutting the. Rl odeWNankingilbabl i Bekitidies dluad Shans "fiamber Nodifg Stack,
cutting flue gas take-off and return openings in the stac
10 adjacent to the housing inner surface in the open position and extending
over the second half of the catalyst units in the closed position. At least
one of the catalyst units being composed of materials for selectively
catalyzing NO,. In a first alternative, at least one of the catalyst units
may be composed of materials for selectively catalyzing pollutants other
15 than NO,. In a second alternative, at least one of the catalyst units is
composed of materials for selectively catalyzing NO, and other poliutants.
The emission treatment system is installed by conducting an
1 initial instatlation which does not impact operation of the plant. The
initial instaliation includgs setting the major components module adjacent
20 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
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

emission treatment system/plant interfaces to the plant.



and connecting the inlet and outlet ductwork thereto, and connecting

em ssion treatnment systeriplant interfaces to the plant. WO 2004/ 047961

PCT/ US2003/ 0311173 6 Before the initial installation, the plant is prepared
wi t hout WMEHHE#MHIBbloper ati on of the plant by sel ecting a”%T’Béz“I“HP“!'He maj or
conmponent nodul e and installing a fourfdation at the site. The | ocations for
a flue gas take-off and return openings are determ ned. The heat 5 exchanger
take-of f and the heat exchanger return are identified. The anmonia vapor
source, the electric power source, and control system interfaces are also
identified. Setting the major conponents nodul e i ncludes setting a | ower
sub- nodul e having the outlet and an ID fan on the foundation and bolted 10
to the foundation. A mddle sub-npdul e having the heat exchanger segnent is

set on the | ower_ sub-nodul e, an up?er_ sub- nodul e having the SCR segnment and
inlet is set on Beferentd® énitigh-pwallpdonanie tp@nduls ArBANESs VethoWe| ded

t ther. T t t i nl tl et { K,.: i t o
ol ace and REEERE GPerraPt (psnE RePtanCreeindel s B R M ey = "
systent pl aifr ddHetAGESI R FREAFSS §FoLRdatidie afthe H@) ThEFSRMnsSyst em by
installing an ammonia 1njection grid wthin the inlet ductwork and

connect i ngfor he flaamges dakenp HcahonegirndoganingharantaeimineaporTheobeate. An i nl et
flange is welded to the stack at the |ocation for the flue gas take-off

openi iy arkkchanget take-pfaagd the DRIRECNRDIeL rEREseeidentifiae 1T8ation for
exchanger SBGIEIR VARGY SPHE e SRaangar e sBr ALt W Connect od.
to heat exphangel arsef88N\dentifi& €l ectric power source and the control system
interfaces are also connected. 25 It is an object of the invention to
provi de a syst erBéting gmowmajgr components module includes setting a lower
sub-module having the outtet and an ID fan on the foundation and boited
10 to the foundation. A middie sub-module having the heat exchanger
segment is set on the lower sub-module, an upper sub-module having the
SCR segment- and inlet is set on the middle sub-module, and the sub-
modules are welded together. To connect the inlet and outlet ductwork,
each ductwork is set in place and secured with a support structure.
15 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 ammaonia 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
20 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 aiso connected.
25 It is an object of the invention to provide a system for removing
NO, which may be installed in an existing plant with minimal impact on

operation of the plant.



NO, which may be installed in an existing plant wwth mnimal inpact on
operation of the pl ant('.’ WO 2004/ 047961 PCT/ U82003(034073 71t is also an

object of the invention to provide a systemfor renovi nlg NOx_whi ch may be
expanded WO M%7k i al installation or at a later datePtHUPHRYLHIT3

addi tional pollutants. O her objects and advant ages of the invention wll
becone 5 apparent fromthe drawi ngs and specification. Brief Description of
t he Draw ngs The present invention may be better understood and its nunerous
obj ects and advantages wi |l becone apparent to those skilled in the art by
reference to the acconpanying drawings in which: 10 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 ¢ross
section, of theltsigstlem an ahigeir @f1thensvantiesl th PARVEEHhYI evdeAeaPlr; Figure

S e RESHRE a 88 3PS Bl e 1 B RAE Y Yo
e st pouf B B onts Rt BoaRi2, FLoue S L8 5 Low oot o of
Figure 6 is a flQtheh apjeuts odnd hedyrmpaesatdfothes ibvehtms il theeormet hod of
Figure 5; Figures 7a and 7b are a flow diagramof the initial installation
sub- sbHepsapparent fiese hbe csowimgsuped sperifigafiens is a fl ow di agram of the
tie-in outage sub-steps of the 25 nethod of Figure 5;
Brief Description of the Drawings
i The present invention may be better understood and its numerous
objects and advantages wiil become apparent to those skilled in the art
by reference to the accompanying drawings in which:
10 Figure 1 is a perspective 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
15 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;
20 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
25  method of Figure 5;
Figure 9 is a simpiified, schematic view of the ammonia addition

subsystem;



Figure 9 is a sinplified, schematic view of the ammoni a addition subsystem’
WO 2004/ 047961 PCT/ USZOO&/ 0341173 8 Figure 10 is a (si nplified, schematic

view of tye haypsatrol system and Figure 11 is a sinydiiedeseghgmatic
view of the heat exchanger coolant cgntrol system 5 Detailed Description

of the Preferred Enbodi nent As concern for the environnent grows, greater
efforts are being undertaken to reduce em ssions of known pollutants, such
as particulate matter, NO , SO nercury, etc, by the pronulgation of nore
stringent control requirenents. For the refinery and petrochem cal
industries, the 10 first of these nore stringent requirenents focuses on NOX
reduction. Wth reference to the drawi ngs wherein |ike nunerals represent

ke parts througgapl {06sS8%@lifblioucREmaA B oOinE [GAl EBRtroPyStem 10

{
in accordance wt e present Invention reduces NOx by SCR technol ogy,
provi des fgfstédH;Wn@ em ssions control of other pollutants, and 15 is a
st and-al one systemthat may be installed on the ground al ong side the
exi sting equi prefigurer lois 3 eysplifiesh pabiemsaticheierx iodtthadiead BXsMaRaer or  on t op
of the existing equi prent, thereby reducing the downtine of the refinery or
pet r ocheni ¢egla FBBﬂUPrgﬁSt@Hhi pment. The enission treatnent system 10 may be
utilized with nost 20 refinery and petrochem cal production systens.
However, for descriptive purposes, the system 10 is described herein

i nstal$ed PatdiedDESHtRIIE HaPkéfegretiBmBoGindent Figure 2). Fuel is fired by
burners 14 | ocated at the bottomor side of the furnace 12 generating high

t enper at ure gas AsdonNern foritde amvickinmgt grbwsy direstarrffomslase Bleéxd i nt o
S T el taken (o e erniasiang Bf knbwn politants. S hs \arheldta ¢ zone:
As t he furyngertaken to reduce e o po . p
matter, NOy, SO,, mercury, etc, by the promulgation of more stringent
control requirements. For the refinery and petrochemical industries, the
10 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
15 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
20 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
NO,. The “cracking” of hydrocarbon molecules into simpler molecules
25 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



gases pass upward through the furnace, heat is recovered fromthe flue gas
by a series of additiopal coils 18 which contain efther cracking WO

2004/ 047961 PCT/ US2003/ 034073 9 feedstock for préheating or wat er/steam for
use in thivopHyadEstor ot her processes. Typically, ethylrerasosoking
furnaces 12 have one or nore induced #8raft (ID) fans 20 | ocated on top of
the heater connected by a vertical stack 22. Ethyl ene-cracking furnaces 12
typically run for several 5 years between significant outages and are a key
provi der of feedstock for other processes within the refinery or
petrochem cal plant. Therefore, the downtine to install an SCR is severely
limted and costly to the owner. SCR NOx renoval processes are typically
nost efficient at tenperatures of 500 - 750 F. Gases at this tenperature
are typically 10 found just upstream of the ethyl ene-cracking furnace

boi I er feedygidgtodkerdri g1@hERlihg &f vdtdr/starh ot ade R -thidgracdRy el dtheal

approach for an SCR retrofit is to shut down the furnace 12, cut into the
stack 22 atptdoessappriypicaltye dtbgleneamackingtfunmaddse 1 @ohvmet peamrs@otre ons and
install the SCR = This is muc o time consum ng to be an econom cally

h t
attractive inggcgd drafioliD) faes %ﬁgééiedeﬁﬂstﬂ)o?f thesheataitcannected P¥ & ncl udes a

st and- al one nmopul_a ] t ule i.cal | r d | evel,
that incl u&%@'ggﬂsgég @g%’ﬁﬁgg@?&gﬂfﬂﬁnﬁgpa %sgg\%ﬂtivé?caﬁ@artu}(\eﬁg ﬁg\rllgljévsegnent
30, andsan | fikaetdRenBignifibandantages ahBeré hady plaviddt AdeaAshockeor0

et hyl ene-cracki ng furnace boiler feedwater heating coil 24 installed in the
stack 22, tbtheeprssessestwitbhinnbatrelysyampkirachemisalgllamd Whetedore, krgui ri ng

any major nodifications to the ethyl ene-cracking furnace 12. This all ows
iinstal | ati oflowntime tainseflan pEBAE meNeraly dipurgd 8ndiqassi tosthPrNeaNt | y

e8! 19 v, St WSt MASAN, BASAID i SASEAZ nHLF D2 comone
temperatures of 500 - 750° F. Gases at this temperature are typically

10 found just upstream of the ethylene-cracking furnace boiler feedwater
heating coit 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

15 solution.

The subject emission treatment system 10 includes a stand-alone,
modular major component module 26, typically at ground level, that
inctudes an SCR segment 28, a hoiler feedwater heat exchange segment
30, and an ID fan 32. By “abandoning” the stack |D fan 20 and the

20 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
instaltation of the emission treatment system 10 without significantly
interrupting use of the ethylene-cracking furnace 12. The major

25 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



even on top of the existing furnace 12, as individual application
circunstances may require. The new, system ID fan 32(is sized to provi de
for the i raft requirenments of the em ssion tre .
2904/0479%§f§%#$ﬁ%%003/034073 10 systgm 10, principalIyﬁ¢g@§?ﬂ£&%%3'segnent
28. The boiler feedwater heat exchange segnent 30 nmay have hi gher heat
recovery efficiency than the stack boiler feedwater heating coil 24,
depending on the design and materials of the stack boiler feedwater heating
coil 24, providing an 5 inprovenent in overall cycle efficiency and/or
reduced fuel costs. The stand-alone nature of the system 10 all ows for
future nodification of the SCR segnent 28 or the addition of additional
segnents for emi ssions control of other pollutants. Wth further reference
to Figure 3ystem i panoipally dat teatSEYyseament0280 hhe dailgefeedyaterbl anki ng

menber 34 or bypass flapper 34, nmounted . wwthin the vertjcal stack 22, just
upst r eam o?’e?hé"&lm rRent-A maY tﬁ%\%@gﬁebBp?terrecpggm{faeq{é(atﬁgﬂg coil 24..
The bl anki . i j ; : t ently

cutor t ol 1 2% SRR ol feR e aE oy BB o e e e PR et o
heati ng coimhatdfiarngf tthe siaakkbdiferlf:cbdavatdd heBiimgdypis34f papwiding34n i s
installed across the stack 22 to selectively cutoff all flow through the

et hyl eBe- cirapkdvement itnoretadi ¢yale efticidney endieratgdusedofiuel zostmdThRe stack ID

fan 20. Flue gas, take-off d returp.openings 36, 38 gre forned,.in the
stack 22 | SENEENP &R of Hee SYHiamd A Retoer TUWELBORIEaH8n 3ahes,:  and
just d | ; ' : duct k 40
Lonnect ed 51 (st 28 oty fadilohilt SRR SRUITLY ol BreePhR prece 42

in the uppebntrddof @@hét poliGfantsie maj or conponent nodul e 26 and outl et
ductwork 44 connected to flue gas return opening 38 and the outlet of
system I D fan 32Vghdurtier fefgrancedmhiguread i tbe dresaentreEnetiEystan and t he

ra) or 10 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

15 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
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

20 stack ID fan 20, respectively. Inlet ductwork 40 connected to fiue 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

25 component module 26. The inlet ductwork 40 includes a harizontal 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



25 conponent nodul e 26. The inlet ductwork 40 includes a horizontal run 46
and a vertical run 48,;each having a nom nal lengtth of thirty (301 feet.
Dynam ¢ vanes 50 may b% positioned in the erom/5£ bet ween hori zontal WO
2004/ 04790MO P@¥PY3ED03/ 034073 11 run 46 and vertical ruRCTSew3nadite t he
pressure drop through the elbow (Figudle 4). Conventional utility boiler
applications having SCR systens generally use ammonia (NH3) as a reductant
and include an anmonia 5 addition system which provides a m xture of
ammonia diluted with air or flue gas to uniformy distribute the amoni a
across the face of the SCR catalyst, which is located a relatively short
di stance downstream of the injector. Accordingly, a conventional amoni a
addition systemconsists of a control system a source of anmonia (NH3)

vapor, a static_mxer, at 10 |eagst, one, bl ower, and an,injector ich

i ncl udes mibfj %ﬁe aé'b{é{?'tl"f d§n ggc‘r‘? rqHcent &Rl TS5 & %’SPaﬁ‘"HH?QY@‘S The
anmoni a va ifyjects anmmonia vapor into the static mxer. Dilution
air is bl o%ﬁﬂ%@%%ﬁeb ower(s) into the static nmixer to dilute the anmoni a

vapor and propel @dwvertidridledtiprymdilar gipdicatighs ohavihg S0MNswstaadi tion
subsystemvia the 15 injector nozzles. The subject em ssion treatnent
system 10 igerienalbs usa ammmnia (Ndddiasi arfedupiapstand Biclufe @n eakeeniddvant age

f th latjvely | I ths of the. hori t al d,. i cal 46, 48
Lo prow de TR SRR IZER pForOeha TBIviB of VAR T UK YRR ALt bam
to _ b _ _ fe® PTG 20 st ream
ol over  conlor & M B AR R e Lol 2t RS e S8R 38R T

anmoni a  adghtblyet) whhdystiedebed aosritistly sHorodistahbe e vwimgtecaraatpeent s, a
gontroller 56, a source of ammoni a vapor 58, and an amonia injection grid
(AIG 60. Oniegter. shatordingives aonyANBeRal apaponispigditien systegedensists

of a control system, a source of ammonia {NH,) vapor, a static mixer, at
10 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

15 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
mixing of the ammonia vapor in the flue gas stream. The ammonia
20 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.
25 As discussed in greater detail below, the AlG 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 A!G 60 must be

located at a significant distance from the stack 22 or to simply provide



25 As discussed in greater detail below, the AIG 60 is preferably installed.
within ten (10) feet of tihe stack 22. A static nixerfdiffuser 64 may be
positioned in the horizontal run 46 in the event that the AlIG 60 nust be

| ocat ed aW2Wig+i%61 cant di stance fromthe stack 22 or tPBCEuSpiog/opooyi de WO -
2004/ 047961 PCT/ US2003/ 034073 12 addit®i onal assurance of conplete m xing of
the anmmoni a vapor and the flue gas. The inlet transition piece 42 at the
entrance to the najor conponents nodule 26 distributes the ammoni a
vapor/flue gas m xture evenly across the inlet to the downstream SCR
segnment 28. 5 In addition, the AIG 60 is nuch sinpler than the injectors of
conventional systens, having a nuch reduced nunber of spray lines and no
nozzl es, the amoni a vapor being sprayed through openings in the sidewall

of the spray |line. The exact nunber of spray |lines and openings is
dependent additineal asguapnes phsogpdels Mmixiparenecammaniehaper #d thée gas 10

fl dth i d . of i iti . The A,G 60 .
br ef er abl yio8a%q THE IR GRSt PUTOR A &f 6% 997200% SReM R aMPhge of e
tur bul encec%gpy@&hﬁohpﬁgze%sét&m cheahfifoR Hﬁ%r"hé_@r 1as ikRre by the

bl anki ng ne pass pper 34, 34' and openi ng e turbul ence
further enswsrdg achads tHeeinkstionine dawoastrieant BOFDsgdingnoi28ed 15 with the flue
gas. Anal ysis has shown that sufficient amoni a/flue gas m xing occurs even
if theéb Al G 60 isin additiea. ithendtG Afhtaimuem sampitrt than therniecogrsf ekt of the
stack 22. It is .poajsi bl e th%t addi ti onal ana(ljysi S woug d sD{ow t ha

suf fi ci ent SORMENNGNAI $YSIENSo NBYEG, @ 3?”“3”9&’5? NUEPRE 2SR BYNING3ea S t ack 22.
The notive Ohhé WrERb NLa AV i ; gas stream
may provi d%%q.[?%%te%'e t’\"/{%lpor %Pe&g\s’%ﬁ@ g%h@éﬂﬁf‘?‘f l‘Ptoiqleaemfa yfhni%ge source 58.
As shown i sidédahlieflthetsheaypligss The eXact hantberwiispray dpes angl Spédings ent over a

full range of expected anbient tenperatures to provide the required notive
force. is dependent on the instaliation specific parameters, such as the flue gas
10 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 stearn created by the “bend” formed by
the blanking member/bypass flapper 34, 34’ and opening 36. -'I"he
turbulence further ensures that the ammonia vapor is thoroughly mixed
15 with the flue gas. Analysis has shown that sufficient ammonia/flue gas
mixing occurs even if the AIG B0 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
20 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.



WO 2004/ 047961 PCT/ US2003/ 034073 13 TABLE 1 Anbi ent Tenperature NH3 Vapor
Pressure ( F) (psia) 380 60 5 70 129 100 242 VWth reference to Figure 3,
the SCR segnent 28 contains catalyst units 66 which remove NOx. The catal yst
units 66 XNWR2WHRYEAL i onal wunits, each having nomi nal di RERYPHRFODINT3: hr ee
feet - three inches by six 10 feet - 1ix inches (3.25 x 6.5 ). As shown in
Figure 3, upper and | ower groups 68, 70 of catalyst units 66, each including
one to eight units 66, nmay be positioned within the SCR segnent housing 72.
Internedi ate support rails 74 carry the weight of the upper group 68 of
catalyst units 66, while allowi ng the flue gas/ammonia vapor m xture to
access all of 15 the catalyst units 66 contained within the SCR segnent
housing 72. If only three catalyst units 66 are required to renove the NOx,
a bl anking nechanism 76 nmay be included in the SCR segnent 28 to
selectively block half of the catalyst units 66. Such a bl anki ng nmechani sm
76 may conprise one or nore flappaaBILE/] 77° which each have a single side
20 edge pivotally nounted to opposite inside surfaces of the housing 72.
Initially, flapper 77 is in the vertical, open position (allow ng flow

t hrough the cat al ys+—ohit-s—66—di-sposqd-vhder—Happer—~) and flapper 77" is
in the horizontal,| Aheisiest p@mpteramrépm@m;bng Préssmreht ough the catal yst
units disposed under flapper 77"). A9 the catalyst uni{s 66 di sposed under
25 flapper 77 becone depl etléd) flapper 77' idpP¢i@positiohed to the vertical,
WO 21N14/ 047961 P IUbAUU3l%%ﬁUId Iz
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With reference to Figure 3, the SCR segment 28 contains catalyst
units 66 which remove NO,. The catalyst units 66 are conventional
units, each having nominal dimensions of three feet - three inches by six

10 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

15  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 haif of the catalyst units 66. Such a blanking mechanism 76 may
comprise one or more flappers 77, 77 which each have a single side

20 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 fiapper 77} and flapper 77’ is in the
horizontal, closed position {preventing flow through the catalyst units
disposed under flapper 77'). As the catalyst units 68 disposed under

25 flapper 77 become depleted, flapper 77' is repositioned to the vertical,



open position (allowi ng flow through the catalyst units 66 di sposed under
flapper 77'). Flapper 77imay be repositioned to the ‘cl osed position.

Al ternat i Wl Meydsheqper 77 may remain in the open positi oppr/i@oaddQususe of
any residual l\'fé removal capability @f the catalyst units 66 di sposed 5

thereunder. If it is expected that flapper 77 will never be positioned in
the close position, only flapper 77' need be installed. Alternatively, the
SCR segnent 28 may contain upper and | ower groups 68, 70 of two catal yst
units 66 or a single layer of one to eight catalyst units 66, dependi ng on
t he amount of NOx which nust be 10 renoved and ot her application specific
considerations. If space permts, and if other pollutants (e.g. CO

hydr ocarbons, etc.) nust be renmoved fromthe flue gas, catalyst units 78

targeting c%%g\{}?d%‘iﬁ@ﬂ <£QMMggfmv§tﬁ{ou airRl dehiy9PLhis b aegeyé@gn%?), pl us

such ot her utants may included in the SCR segnent 28. Alternatively,

t he housi rgapher| DTt eBlappeabol enahdeSERosapred 188theayldsedcprsigobed into a
second SCR segnment to provide for renpving additional NOx and/or, other
pol | ut ant sAlteragtivelyelanber &7 may remeissindhetanas pesitiosy &2 alewoustyf be

furnace. 180 TR ERniE O R AR LY ol GP LY Ao U EcSe 1TSS the 20
stack £2. The, r{qégct:f@mst b flt@ftinké ﬂggg%.g?ge;mgﬂ@@@r BY ddisiidmaiar

construction o e maj or conponent no e maj or conponent nodul e
26 i ncl udgpeudpsy positidal, @ripndiappee’? 7S needduinesald. 85, 86. The | ower
sub-nodul e 86 includes the ID fan 32, an outlet transition i ece 88, and
power and cont r dAlserpekinely; ibe SSHbapgmenat R8gnawricasiatar epRs lxve®r on a base

late 90. The nigddl b-modul e 85 includes th t h : t 30.
e upper SRGPREN £0 2 WIR FAET HOTSER SCeHale 194 aRh o AL AOGL

L vt AP, s, B aShe 0y e oy B, NS, b LA 111"

10 removed and other application specific considerations. |f 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 NO, plus such other poliutants may be
included in the SCR segment 28, Alternatively, the housing 82 located

15 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

20 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 outiet transition

piece 88, and power and controls boxes (not shown), all of which are

25 mounted on a base plate 80. The middle sub-moduie 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 traiter.



15 Wth reference to Figures 5-8, installation of the em ssion treatnent
system 10 is a relatiwely si npl e process, providigfg for a low on-site
construction tine and m ninmal disruption of normal refiner activities. A
nunber of WALWP4H6L are required take place in preparat PEHUS200H0HBE t he
arrival of the major conponent nodul e!®6. The installation site of the
maj or conponent nodul e 26 nust be sel ected 94 and an appropriate foundation
installed 96 at such installation site. The location of the flue gas
take-of f and return openings 36, 38 nust be determ ned 98. The heat
exchanger take-off and return nust be identified 100. 10 Sources for the
anmoni a vapor, electric power, and control air (if needed) nust be
identified 102, 104, 106. Finally, all control systeminterfaces nust be

identified 108. Witahrirere® aBPFRUrad esl-8 haistdiidta oF ithg efmisditvese tasks
may be conducted in parallel. Initial installation 110 begins by setting 112

the | ower snehtmibit sydtéra BB ima rehativiebunttapliecprogess, prosiding fand ©e¢uring 114
the base plate 90 to the foundation with anchor, bol%s (not sf;ovvn%). The
crane i s PR&tuSORstpcsion 1ime mnd,anipiral diSUBLRBIRT BB YN B Bf | ower

sub- nodul ¢ 86.. set ,1 1 sub- n ] sub-
nodul e 85 gﬁﬁv'{“ﬁ%-tﬁ@%ﬂ‘?&t@ﬁ.ﬁ%@?@@*ﬁ? %@ﬂg%g t\%gfg)é%ééljﬂig%dc;ggrg{’%@r 20 The
crane iss thentdis@@ s@ivaebfkRE hbRriddnftomid AulLRL 2ducTHBlikstafllatidd N

pl ace, along with its appropriate support structure, and the ductwork 40,
44 is connsaeeaf the imdjet damepenentombaube @ 4mustcboselested riYhsindi am  pi ece,
respectively. The ammoni a. injection gri d ( 0.is jnstalled 121,

i ncl udi ng @BRRAFIELS founRA3YRD InFiRliedad &béPcélcif‘Gté_ AU S8 968198 1 anges
tl gie?{)fe f \Aglr?g?ﬁ%t} %‘?réa%p{e%%ﬁgﬁa%@, ?%g%fmo'lg%ﬁﬂégﬁ’l, é)%tﬂ‘)tm%{og%itd%gesmgég&aggs% are
not cut at dggi sTHd rmatléaa&raﬁgamsﬁé-e& Bhdiretlurh Afusk bd Wherkid®ed heieen the
new heat exchanger segnent 30 and the heat exchanger
10 Sources for the ammonia vapor, electric power, and control air {if needed)
must be identified 102, 104, 106. Finally, 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-
15  moduie 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.
20  The crane is then used to set 120 the infet 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 (AlG) 60 is instalied 121,
including connection to the ammonia vapor source 58. Connecting
25 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



WD 2004/ 047961 PCT/ US2003/ 034073 16 take-off and re?.urn and connected to
heat exchanger segnent 30. Usi ng the crane again, pkatforns and | adders 130

are nount @@ H8feé%1t he maj or conponents nodul e 26. The pEpAKMERRI@YI ON i S
install ed and the anmmonia vapor feedjisel ectric power, control, and

I nstrumentation 5 connections are installed 134 with the correspondi ng
system devices. The catalyst units 66 are | oaded 136 in the SCR segnent 28.
Comm ssioning and pre-start procedures are conducted 138. During a
schedul ed tie-in outage 140, the flue gas take-off and return openings 36,
38 are cut 142, the bl ank/danper 34, 34" is installed 144 within the 10
stack 22, and the heat exchanger feed and return lines 126 are connected

146 to the heat  ex hanger ment gé; aRd t he .t ake-of f and (;h return. .
Final Iy, {YESRIAINE SRR 208 (RTPGHSFEL NEat SFnaBies SPEMeNt 3 WSO syst em 10
are starte euﬁs&ggganpopﬁﬁﬁﬁﬁ% %ﬁ%ﬁléb%%édﬁey th e' A@Ft' ng the

ammonia 1 € gas stream1s provi por pressure:

of the ang@panértst AfodiTBORER S@h‘éCmsﬁ&méMhhohefserﬁﬁﬁéﬁeHOal'_rdgtﬂee 9, a
throttle valve 152 in ammoni a vapor pipe 62 controls the flow of the

ammoni a vagoamanis ovape Ab&l6Gledurief @toanltﬁry contirole 36d instoomentdtiond by t he
controller 56 on the basis of tggf ue gas flowrmgna t he am)unt of 20 NOx

enterithg teRNNAALOES ATet iPEtRIFEnt y‘é’ftBrﬁhfof:Oféﬁ%PQ nPDHETHAEKIGES: exi ti ng

the em ssi S (e} or,. 15 S pst ream of
Al G 60 andﬂﬂb %gkyerggt Qnﬁ)ﬁlé‘gma}g gfq c?ga\t,Y Uésttpéaécn? !séér&@gg %%d at the
outlet of EammidsiohRTPaARd iptelstartPhRtidardshareneshissied 188PUDGrihg £ontrol | er
56 to control ammonia addition in this manner. 25 Alternatively, ammonia
addi ti on nsghddelebtieriol dudgent 4Qetheafive gas takerwifi sand agtuyn ovenings sl i p.  For

control |nth|s manner, an anmo sensor 160 may be positioned at the
outl et of f&n38mrecht §ﬁ2| ﬁhg,%qrﬂgaamp 4, 346 IS ms¥aued E\)44 wntlQan the

10 stack 22, and the heat exchanger feed and return lines 126 are
connected 146 to the heat exchanger segment 30 and the take-off and
the return. Finally, the ethyiene-cracking furnace 12 and emission
treatment system 10 are started-up 150.

As discussed above, the motive force for injecting the ammonia

15 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 controils 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

20 NO, 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 80 and NO, detectors 156, 158 located upstream of
AlG 60 and at the outiet of fan 32, respectively, provide the necessary
inputs to controller 56 to contro! ammonia addition in this manner.

25 Alternatively, ammania addition may be controlled on the basis of
ammonia carry-over or slip. For control in this manner, an ammaonia
sensor 160 may be positioned at the outlet of fan 32. In still another

alternative, ammaonia addition may be controlied on the basis of the fuel



alternative, anmmonia addition may be controlled on the basis of the fuel WO
2004/ 047961 PCT/ US2003/ 034073 17 flow to the burners 14 and the
conposition of such fuel. Interconnections 162 may be provi ded between
control | ew®enaneroshe fuel control 164 of the furnace 1BPcrwszmaosebs in this
manner. Ammoni a vapor flow may be noniftored by pressure, tenperature and

fl ow detectors 166, 5 168, 170 di sposed in anmoni a vapor pipe 62. Wth
reference to Figure 10, proper flow of the flue gas through the eni ssion
treatment system 10 is nmaintained by a controller 172 which controls the
position of a danper 173 in the inlet of fan 32 on the basis of the fan
supply pressure, the fan discharge pressure, the 10 differential pressure
across SCR 28, and the differential pressure across heat exchanger 30.
Pressure detectors 174, 176 at the inlet and outlet of fan 32,

respecti vel flowanto dithéernrnheal paessd etiset echapssifidd, df8Osweh &@R 28 and
heat exchanger 30, respectively, provide necessary inputs to controller

172. The t elmercanoeetions 1 B3 Mavibeduovided dgtwesy asatrilendfi anst tie vgl a
tenperature detector 18 osi tioned treamof Al G 60 Figure 9). Wth
re;rgr encg t6°'ﬁ’§'ui§4f},tgﬁe¥’§%’&lep °ljJ? E”Pﬁ”’t Hus mnere@rﬁ.’gﬁ'ﬁ? Vﬁgéﬁl and
return |ine f t i gﬁ% h heat
exchanger 3@?%@9§é@§hgﬁ%ﬁbﬁf)b%§8?% tgg‘p%g#tu?% ng y tg?%:cothﬁ gPF'er 186 on

the basgs ofl 6Bha #dispbsé@eswairabniadifssiipe FB tenperature. Pressure
sensors 188 and tenperature sensors 190 positioned in the boiler feedwater

inl et and outl et YYith mefetrnpe toekighemdBr pamgsrfimvdef theeflne gassirgudput s to
controller 36 to, feedwater flow in ,L(?i.s manner . Tgnperat uréﬁ ditggtors 192,
194 in the f%eﬁ@‘éé*%”&ﬂf@am g¥etsea AR dNABAGEABYn DEOREAIIEE nger 30,
respectivel yyhicRbbAWolshe&iddiGd e BF Y Mmpbdie1 P8ah FEGNBNEL a3 B2t &n Se

noni t or ed.

basis of the fan supply pressure, the fan discharge pressure, the

10 differential 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 inp'uts
to controiler 172. The temperature of the flue gas stream may be

15 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

20 controtlled by a controller 186 on the basis of the boiler feedwater
pressure and temperature. Pressure sensors 188 and temperature
sensors 190 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

25 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 fiue gas having little or no sulfur. if sulfur is present



The em ssion treatnment system 10 descri bed above is intended for use in
treating flue gas having'little or no sulfur. If sulfur is present WO

2004/ 04790 Riedib49¢003/ 034073 18 or expected to be prepegtyshisziobmrs | ue
gas, such sul fur nmust be renoved befqgge the flue gas enters the SCR segnent

28. The mmj or conponents nodule 26 is also described above as a vertical
system The benefit of such a vertical systemis that it reduces the size
of the foot print required 5 for installing the nodule 26. However, if the
foot print size is not a concern, the nmajor conponents nodul e 26 may be
installed as a horizontal system thereby providing easier access to the
SCR and heat exchange segnents 28, 30. Many et hyl ene-cracking furnaces 12

have relied on "first . 10 generatjon' | bur e
e ssi ons FoTRARSPE TRk e ArERET o shE e B etor R hufsy denfEG AL
Sta”dards-?éﬁevftfﬁé fluB YR entefCHRNICHWRIFMA0PYE . | e MRjoPUbpoReRtst be used
to attain els wnic are acceptabl e 'under the new em ssions standards.
The secondmogeize?8tit Gilsd destibedaboes asadvenseal gyafdrectThehberéfii of ency of
the furnace 15 12 due to the different flane sf;&pe and heat distribution

e

produced bsuchsaivhrtingl sEstem ioipiieteduses ithe sizgedifethit fash Arsw re@wr¢ir ners. It
shoul d_be _ apprecjated that the_.use of the.em ssiop treatnent stem 10

al | ows® thefordBﬁEqﬂ’f‘lﬁédﬂﬁs@ogf‘fet ﬁg f ﬁpﬂe‘@%néfg%? gﬁopﬁﬁrﬁl&%ﬁ NersS thereby
mai ntai ni ng,den ekRY! Ao F TRk deEr RRRRIE 281 niRAlbelihdaliencys 4 n 20
addi tion, burner control systens nmay be used which optim ze burner

ef fi ci encyhoriifbinitsl pyakat, ridrembpbvidingsedséareadizas whithwnSE&Rdantk beat bed,

various nodifications and substitutions may be nmade t hereto w t hout
departi ng ¢xaranggeseginents 4Bd39cope of the invention. Accordingly, it is to

25 be under st OOtharr]ﬁl/t ett %l&re?grgekinignvf%%gc%g hlaf Rg\%] géal?e%riobned"fﬁ'gt way of

10 generation” low NO, burners to reduce NO, emissions to levels which
were acceptable under the old emissions standards. However, newer
“second generation” low NO, burners must be used to attain levels which
are acceptable under the new emissions standards. The second
generation low NO, burners adversely affect the efficiency of the furnace

15 12 due to the different 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 NO, burners, thereby
maintaining the ethylene-cracking furnace 12 at peak efficiency. In

20 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

25 be understood that the present invention has been described by way of

illustration and not limitation.



illustration and not Iimtation. 19 Wat is claimed is: 1 . An em ssion
treatnment systemfor renpoving NOx fromflue gas emtted through an outl et
end of a vertically extending stack fromone or nore burners disposed at an
inlet end of the stack, the system conprising: a diversion nenber disposed
in the stack and adapted for closing the stack at a position internediate
the inlet and outlet ends; a nmjor conponent nodule including a first

sub- nmodul e having an inlet and an SCR 19egnment, a second sub-nodul e having a
heat exchange segnent, and a third sub-nodule having an ID fan and an

out | et !ﬂﬁﬂdigﬁﬂgﬁ%ﬁéub-nndules having a size and weight within size and
weight Ilimtations of a conventional flat-bed tractor trailer, the second
sub-nodul e bei ng nountable between the first and third sub-nodul es, whereby
t he maj or codyromeipgiomisepimentgestemder rnfoving NQuérof Bue gastemitisd tialigh@n fopideh t he

inlet of the first sub- I o.the outlet of the thir ub-. dul e; i nl et
duct wor R"SQ% 8 el IO ko GoB Shuaitye Reaiet tiePordal B anEhEM ff "o
the firstack3bdsydeidomaprisheg: i nl et ductwork being attached to the stack at a
position interpediate the inlet end of the stack_ and the diversion nenber;
out | et duct wardivesemp membepdispessd iny ths ptagk gad adapiesaipr clasingtthe stack atet pasitionhe

third syfemimy et 28 oift ds:the outlet ductwork being attached to the
st ack a’ltm[g pogdl{%ﬁ]gn Fnterme |atse’ the diversion nenber and the outlet end of

t he stack; amdmanr aomponcat acdilei iopluding sy Stse muiadmdulechdvarg amjrdett indgarafiRni a

vapor into the inle duc rk.. 2. .The em ssion treatnent system of clJaim1
wher ei n EHESTH 4 BRORbEREABLF ming et Eheses e ang & iyd URiriath Brheting

t reat nen [pyfad &8 Af oileicAhlo Mhe 8- Mod1Es @vﬁ%rﬁiﬁhnﬂ&%\;\%{t Wiﬁli@si?é’mei%ht
flapper. 4. The em ssion treatnent systemof claim|l erein the inle

duct wor Kimitatipugd e§ aconvesionalnflatdied yirastor itcedlan, 4he pepond subunsiulenbéing mpunieblei cal
run, anq)e%\rr]eeﬁ ltﬁ)é) Wrsgiaﬁcﬁ) %?&js&bhﬁggﬁgst, %%bey 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-
maodule;
inlet ductwork adapted for providing a passageway from the stack to the inlet of the first
sub-module, the inlet ductwork being attached to 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 attached to 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.

2. The emission treatment system of claim 1 wherein the diversion member is a blanking
member.

3. The emission treatment system of claim | wherein the diversion member is a bypass
flapper.

4. The emission treatment system of claim 1 wherein the inlet ductwork includes a

substantially horizontal run, a substantially vertical run, and an elbow disposed therebetween.



20 5. The em ssion treatnent systemof claim4 wherein the el bow incl udes
at | east one noveable vane di sposed therein. 6. The em ssion treatnent
system of claim4 wherein the ammoni a additi on subsystem i ncludes an
ammoni a injection grid disposed within the horizontal run. 7. The em ssion
treatnment systemof claim6 wherein the ammonia injection grid is
positioned within ten feet of the stack and the ammonia addition system does
not include a mxer or diffuser. 8. TH® em ssion treatnent systemof claim
6 wherein the amoni a addition system does not include any dilution air

bl ower, blower control, or ducting. 9. The em ssion treatnent system of
claim 6 swher gipg éﬁl@sn&{f@%&hﬂznﬁqwtém%}‘ SRS UshadeRl &e elbé\@hHQﬁ&esaatSEﬂsftQﬁ]eOf
anmoni a vapor, the source of ammonia vapor containing a quantity of
annnnlanunﬁéﬂvawumhﬁm@gbhﬂsﬂbf t he ammoni a providing a notive force for
injecting the ammonia vapor into the inlet ductwork. 10. The em ssion
treatnment systemof claim9 wherein the anmonia addition subsystem further
i ncl udes. an JesMissioAPestnRhP Sy \Of dilaig 4 | whetkifs ah#naningcid additied \welegstbhe
source of ammonia vapor and the amonia injection grid, a throttle val ve
di sposedn§lvdes sABMMENALRISELIY G dispased %hlaﬁ%hnr&owabw addi tion controller
for controlling the throttle valve. 11. The em ssion treatnent system of
claim10 further conprising a flue gas flow sensor and an inlet NOx

det ect or7. posiThe osteidsipmttesatmeahit adystemhef siaok6 ambtbreihethanamompmiai mjeston gnidgisi d
and an out.l et Sltl d i nter ate e.ID fan d the
Stack. EagHog Piin g B Sl Baik e hiph PRk Sela A aef BRCHF amitsre
annonla(y@qggmaddltlon controller. 21 12. The em ssion treatnment system of
claim 10 further conprising an anmoni a sensor positioned internmediate the
I D fan and the stack in electrical comuni cation with the ammonia vapor
addi tion, con : 0 ein
the burrer | Aopoagalor fauflf sl Bl Oint ERA T AR o B ol RS
cont r ol lisgludesangdifipti@daif blmweqrbmmar@amtmigonﬂutﬂing he fuel controller. 14. The
em ssion treatnment systemof claiml wherein the SCR segnment includes a
housi ng

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 of the ammonia providing a motive force for injecting the ammonia

vapor into the inlet ductwork.

10.  The emission treatment system of claim 9 wherein the ammonia addition subsystem
further includes an ammonia vapor pipe providing fluid communication between the source of
ammonia vapor and the ammonia injection grid, a throttle valve disposed in ammonia vapor pipe,

and an ammonia vapor addition controller for controlling the throttle valve.

11.  The emission treatment system of claim 10 further comprising a flue gas flow sensor and
an inlet NOx detector positioned intermediate the stack and the ammonia injection grid and an
outlet NOx detector positioned intermediate the ID fan and the stack, each of the detectors being

in electrical communication with the ammonia vapor addition controller.



having first and second oppositely disposed inner surfaces, a plurality of
catal yst units disposed wthin the housing, and a first flapper having a
side edge pivotally nmounted to the first inner surface, the first flapper
bei ng noveabl e between open and cl osed positions, the first flapper being
adjacent to the first inner surface in the open position and extendi ng over
substantially a first half of the catalyst units in the cl osed position, at
| east one of the catalyst units being 2donposed of materials for selectively
catal yzing NOx. 15. The enission treatnment system of claim 14 wherein the
SCR segnent al so includes a second flapper having a side edge pivotally

nount ed [pO t ITRe SRGiNish itRBGiens Wy cof tlaEn SOCARMier LhAPASKg AT ABMBRY eRRIR
bet ween open and cl osed positions, the second fl apper being adjacent to the

second ipasitienediinfegaedipt thnlD faveandgbe stecloin derriesk cammupisadoewith ibstamnenial |y a

second Q? ?- | yst units in the closed position. 16. The em ssion
treat nen Msrfg lgcr#g(?mgqqu?m 14 wherein at | east one of the catalyst units is

conposed of nmaterials for selectively catalyzing pollutants other than NOx.
17. The em sgjon treatment system qf claim 14 wherein at |east.one of the
cat al ystluni f8° PEISSEBHHBERE SYoRELFIom 40 PUierab ectys eludes 4 ok SISt and
ot her pohd tHeaRinfonid Gapof BEJIBM Sctitrelled it BRpPRITHr SMSh@Tt g it Mk Akl WhieloRen t he
first sub-nodule also has a housing disposed internmediate the SCR segnent

and the inlet and at | east one catalyst unit conposed of materials for

I i vel | yvzi | | h . . . .Lh 1 SSI
peLectivsly ST ASRRRU A0S VA 1 P SER s R R

di f f er emaiiak fipdt 88 Ye@ndeippodiely disfoselbinaet uifcdshe pllirdlitg b€ Bath Bt unite dpoRd
across the SCR the second, sub-nodule also has a differentjal pressure

det ect orwithiit thechausingnand pdirgti flapppicbaving a sidesdes aivatally yaountybtonbg firgpnginger
and the j r.d - C r.olild f .0 I t D
fan, a 5%%%? t%gﬁrtsggﬁwee? b]‘%!)r%qggﬁ%}}%l I n%ent ehpaglgi idtk%g% Hg IW'P ﬁ% tggﬁgsé rdag%éé

pr essur éethgtadiprertgo ahe fitse innenbwfacana theutpentposifion hed EDedding ovdresublstirftiatlpnt i al

pressure. detectors and the.pressurge detectors bhein ip electrical .
Cormun Gt A 0 1 ERAY AT donEPord bR a i of o FRUM NS bepe: em
for remuginpeselOF nfalc@ilsf ot dasel¢ Chthlyeidg NTHOUgh an outlet end of a stack
fromone or nore burners disposed at an inlet end of the stack, the stack

including a fan and a heating coil disposed therein between the inlet end
and the Qut ! She %Bﬂ%i&nhﬁeas%%ﬁte@stem of claim 14 wherein the SCR segment also includes a

second flapper having a side edge pivotally mounted to the second inner surface, the second
flapper being moveable between open and closed positions, the second flapper being adjacent to
the second inner surface in the open position and extending over substantially a second half of

the catalyst units in the closed position.

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 NOx.

17.  The emission treatment system of claim 14 wherein at least one of the catalyst units is

composed of materials for selectively catalyzing NOx 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 NOx.



conprising: a diversion nenber disposed in the stack at a position
internmediate the inlet and outlet ends; a najor conponent nodul e positioned
external to the stack, the nmjor conponent nodule including an inlet, an
SCR segnent, a heat exchange segnent, an ID fan, and an outlet; inlet
ductwork adapted for providing a passageway fromthe stack to the inlet of
the nmmjor conponent nodule, the inlet ductwork being attached to the stack
at a position internediate the inlet édd of the stack and the diversion
menber; outlet ductwork adapted for providing a passageway fromthe outl et
of the major conponent nodule to the stack, the outlet ductwork being
attachedid o t1R &hidsibn ateaBndd®SyitbiNof tlainerimpderire teh frstlisubmeddale aRGtRE aand
the outlet end of the stack; and an anmpni a additi on subsystem adapted for

i nj ect i rdiiferenHipsessup Sletertor dor driecting dhe diffgrontit) neessyiscacerss the8CR: ther ssrayd
menber dj : ; i id and
Throngh TERGICaILd bR Sdfreich st teRU drerccfle BRI BIL A oiBle. 210
segnent ,the hbe dremngex eixhtigethié gnientodulehudsol dsfdampet bmntwilingeflow fthriohgh thejI16r
conmponent nodul e, and.,f he out] et. uctwork t.o the outlet end af the stack.
58 o1 eneh Gt o allen Sorrrontroipe e paithon of e Smen e prrTHE gtetarat bt
nmenber iisicpBfd Qltled of MeaNkanGh&BFRAMtIBNSteAuRYRERord hRPME presdde dEREI0RMeH ON
treatment system of claim 20 wherein the inlet ductwork includes a

subst ant inglectyicalgompanieation with the damper gentiodler.y vertical run, and an el bow

di sposed t herebetween, the elbow including at |east one noveabl e vane

di sposed therein. 23. The em ssion treatnent system of claim22 wherein the
ammoni a 2ddi tAwaalssisn eytateatsysiencion ceasoviny HORGrung flue gascémiasd dirowghdinsqudsed

e B SR ST AR S
opposi t e} YandingPPR&Eink 07 rdis?)HEécdaﬂi@l%in BetRbed Mbiikt &d &/ AkYoitletBd ?hedij,%l@ﬁ‘lsed
within the housing, and a first flapper having a side edge pivotally nounted
to the féamgmsingner surface, the first flapper bei ng noveabl e bet ween open
and cl osed poasciiit\fé:rgfg)%’mém eerfdisr;)%)gedf 1|natHg Stack at a position intermediate the inlet and outlet
ends;
a major component module positioned external to the stack, the major component module
including an inlet, an SCR segment, a heat exchange segment, an 1D fan, and an outlet;
inlet ductwork adapted for providing a passageway from the stack to the inlet of the
major component module, the inlet ductwork being attached to 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 major
component module to the stack, the outlet ductwork being attached to 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,
wherein the diversion member diverts a flue gas flow path around the fan and the heating
coil and through the inlet ductwork, the inlet of the major component module, the SCR segment,
the heat exchange segment, the ID fan, the outlet of the major component module, and the outlet

ductwork to the outlet end of the stack.



bei ng adjacent to the first inner surface in the open position and extendi ng
over substantially a first half or the catalyst units in the closed
position, at |east one of the catalyst units being conposed of naterials
for selectively catalyzing NOx. 25. The enmi ssion treatnment system of claim
24 wherein at |east one of the catalyst units is conposed of materials for
sel ectively catalyzing pollutants other than NOx. 26. The em ssion treatnent
system of claim 24 wherein at |east oné&3of the catalyst units is conposed

of naterlals or selectively catalyzin and ot her pollutapts. 27. .The
eni ssi ofltre Fh?ﬁl‘ssé%F%aﬁ?’S’}/ %’F?Mfgﬂa‘%ﬁg@eﬁe‘?%@ ﬁ’ﬁf‘gpnc'aﬁ‘ﬁ HNOFOhd e
conpri sagankgithdn®er ahdPa BPSHdS Aagpee! uding the inlet and the SCR segment; a
second sub-nodul e i ncluding the heat exchange segnent; and a third

sub-nmodul e including the ID fan and the outlet, each of the sub-nodul es

havi ng Si |
convent |azonal ZI?F Z?‘%Bééﬁﬁ g &%E: or %’95% éfre Cﬁﬂ]q g}eg{eélggngfﬁ gﬁ]&wgﬁﬁ ﬂl% des a
mount ablsebseeitiake Rotizvatal rurs b sabetartially derabth-rm}dudi @s elbow disposed therebetween, the

elbow including at least one moveable vane disposed therein.

23.  The emission treatment system of claim 22 wherein the ammonia additional subsystem

includes an ammonia injection grid disposed within the horizontal run.

24,  The emission treatment system of claim 20 wherein the SCR segment includes a housing
having first and second oppositely disposed inner surfaces, a plurality of catalyst units disposed
within the housing, and a first flapper having a side edge pivotally mounted to the first inner
surface, the first flapper being moveable between open and closed positions, the first flapper
being adjacent to the first inner surface in the open position and extending over substantially a
first half or the catalyst units in the closed position, at least one of the catalyst units being

composed of materials for selectively catalyzing NOx.

25.  The emission treatment system of claim 24 wherein at least one of the catalyst units is

composed of materials for selectively catalyzing pollutants other than NOx.

26.  The emission treatment system of claim 24 wherein at least one of the catalyst units is

composed of materials for selectively catalyzing NOx and other pollutants.

27.  The emission treatment system of claim 20, wherein the major component module
comprises:

a first sub-module including the inlet and the SCR segment;

a second sub-module including the heat exchange segment; and

a third sub-module including the ID fan and the outlet, each of the sub-modules having a
size and weight within size and weight limitations of a conventional flat-bed tractor trailer, and

the second sub-module being mountable between the first and third sub-modules.



