MODULE- BASED OXY- FUEL BCELER BACKGROUND OF THE
| NVENTI ON [ 0001] The present invention pertains to an
we@xygoemisruel ed boiler. Mre particularly, the PCEBESIG6/007568
i nvention pertains to a nodul e-based oxy-fuel boiler
having a flexible design. [0002] The advantages of
oxy-fuel conbustion systens are well recogni zed. For
exanple, Goss, U S. Patent Nos. 6,436,337 and
6, 596, 220, provide that sonme of the advantages of
oxy-fuel conbustion systens are reduced environnental
pol lution (reduced NOx generation), high efficiency,
high flame tenperatures and snaller overall physica
pl ant desi gn. ThEONIISBASERPXY-RUBIcROHER commonl y
owned with the present application are incorporated
herein by reference. [0003] In order to extract the
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the form of heat) through the tube wall into the water in several loops and passes of

the walls. As the water passes through the tubes, the water is heated, under pressure
and brought to a high level of energy (and phase change) through super-heat, re-heat
and/or super éritical stages. Other stages, such as an economizer unit may also be
used through which water is passed in furnace wall sections prior to super-heat passes.
The water is further heated by convective heat transfer from the heated gases flowing
past the tube bundles (e.g., in the economizer).

[0005] Each of the stages or regions of the boiler is designed to operate
based upon a certain type of heat transfer mechanism or phenomena. For example,
the lower furnace walls are designed for radiant heat transfer whereas the upper
bundles, super-heat, re-heat and economizer sections are designed to function on a

convective heat transfer principle. It will be recognized by those skilled in the art that



bundl es, super-heat, re-heat and econom zer sections

are designed to function on a convective heat transfer
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the art thatthe heat transfer nmechani snms are not
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supplying a cargon basead fuel and at least one oxy-fuel burner system. The burner

system feeds the oxygen and fuel into the boiler in a near stoichiometric proportion to
limit an excess of either the oxygen or the carbon based fuel to a predetermined
tolerance. The tubes of each boiler are configured for direct, radiant energy exposure
for energy transfer from the flame to the water wall tubes. In deference to traditional
nomenclature, reference to water walls is intended to include all boiler tubes in a
radiant zone even though the tubes may carry steam.

[0009] In one embodiment of the boiler system, the second boiler is a
superheat boiler and steam produced by the first boiler is fed directly to the superheat
boiler. Steam exits the superheat boiler and flows to a main steam turbine.
Alternately, the system can include a reheat boiler (which takes feed from the high

pressure steam turbine exhaust), reheats the steam in an oxy fuel boiler similar to the



radi ant zone even though the tubes may carry steam
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BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS
[0013] The benefits and advantages of the present invention will
become more readily apparent to those of ordinary skill in the relevant art after
reviewing the following detailed description and accompanying drawings, wherein:
[0014] FIG. 1 is a schematic flow diagram of a single
reheat/subcritical boiler system having module based oxy fuel boilers embodying the

principles of the present invention;



invention wll be apparent fromthe follow ng detail ed

description, in conjunction with the appended cl ai ns.
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[0020] An oxy-fuel combustion system uses essentially pure oxygen,
in combination with a fitel source to produce heat, by flame production (i.e.,
combustion), in an efficient, environmentally non-adverse manner. Such a
combustion system provides high efficiency (vis-a-vis a high ratio of heat transferred
to the working fluid to the heat available from the combustion products) combustion
and makes use of high flame temperatures. A preferred combustion system uses
oxygen at a relatively high purity (above about 21 percent and preferably at least
about 85 percent oxygen) and as such the overall volume of gas that passes through
the boiler is commensurately lower. Using oxy-fuel, flame temperatures of greater
than about 3000 °F and up to about 5000°F in the boiler are anticipated.

[0021] Moreover, one of the operational parameters of the present
boiler system is the use of an oxy-fuel combustion system in which relatively pure
oxygen, rather than air, is used as the oxidizing agent. As used herein, oxidizing

agent is intended to mean the gas that carries in the oxygen for combustion. For



in conbination with a fuel source to produce heat, by
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f URd torameducigs steam fiomwatery bailepNo; %@Wheatrbqﬂﬁr 1) Tor producing
superheated steam, and boiler No. 3 (reheat boiler 16). Oxygen and fuel are fed to

each of the boilers by oxidizing agent and fuel supply systems 18, 20.

[0025] As illustrated schematically, and as will be discussed below,
each of the boilers 12, 14, 16 includes its own independent oxy-fuel combustion
systém 22, 24, 26." In such an oxy-fuel combustion system, the water walls (tubes T
see boiler 12 in FIG. 1) of each boiler 12-16 are sufficiently exposed to the flame that
the major portion of heat transfer takes place by a radiant heat transfer mechanism
rather than a convective transfer mechanism. That is, the majority of the heat transfer
occurs due to the direct flame exposure of the tubes, rather than the movement of

heated exhaust gases over the tubes. This preferred radiant heat transfer mechanism is
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relatrvely low location in the boiler and rises through the tubes as it is heated. This

serves to maintain the tubes in a flooded state and to maintain the fluid in the tubes at

pressure.
[0029] The heated fluid is separated and saturated steam exits the main
“ boiler 12-through line 44 and enters the superheat-boiler-14. - Here; the steam is further-
heated to superheated conditions, again flowing through wall tubes. The superheated -
steam exits the superheat boiler 14 through main steam line 46 and enters the high
pressure (main steam) turbine 38. The lower pressure steam exhausts from the high
pressure main steam turbine 38 and is returned to the reheat boiler 16 through the



turbine 4 1 and a condenser 42. [0028] The system 10
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[0032] As will be appreciated by those skilled in the art, because the

flow rate and overall volume of gas entering the boiler (as substantially pure oxygen)
is less than conventional boilers, the flow rate and volume of exhaust or flue gas is
also commensurately less than conventional boilers. As such the downstream
processing equipment 54 can be smaller and less costly than conventional equipment
of an equal sized (power output) power plant.

[0033] A schematic illustration of a second embodiment of a boiler
system 110 is shown in FIG. 2. The illustrated boiler system 110 is a non-
reheat/suberitical unit, and as such, the system includes two separate and distinct

boilers, namely boiler No. 1 (main boiler 112) for producing steam from water and



t he oxi di zi ng agent preheater 60 (through line 61) and
are then returned (through line 63) for introduction
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i ndi cated generally at 54, such as scrubbers,
precipitators or the like. Additionally, in the event
that it is desired, a portion of the flue gas can be
recircul ated, generally follow ng oxidizing agent
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[0036] As to the fuel circuit, as with the previous embodiment, fuel

and oxidizing agent are fed into each of the boilers 112, 114 independently. The flue
gases exit their respective boilers through lines 113 and 115, respectively, and enter
the economizer 128 to preheat the main boiler feedwater. The flue gases exit the
economizer 128 and can be used to preheat the oxidizing agent in oxidizing agent
preheater 160. The exhaust gases, after exiting the economizer 128 are routed to the
oxidizing agent preheater 160 (through line 161) and are then returned (through line
163) for introduction to any necessary downstream processing equipment (as

indicated at 154) following exit from the economizer 128. Flue gas can be



and a condenser 142. [0035] Feed water enters the main
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boiler 212 through the economizer 228.

[0040] As to the fuel circuit, as with the previous embodiments, fuel
and oxidizing agent are fed into each of the boilers 212, 216 independently. The flue
gases exit their respective boilers through lines 213 and 217, respectively, and enter
the economizer 228 to preheat the main boiler feedwater. The flue gases exit the
economizer 228 and can be used to preheat the oxidizing agent in oxidizing agent
preheater 260. The exhaust gases, after exiting the economizer 228 are routed to the
oxidizing agent preheater 260 (through line 261) and are then returned (through line
263) for introduction to any necessary downstream processing equipment 254 as
necessary following exit from the economizer 228. Flue gas can be recirculated 256

and/or used as a vehicle to carry the fuel (e.g., pulverized coal) into the boilers.
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necessary following exit from the economizer 328. Flue gas can be recirculated 356
and/or used as a vehicle to carry the fuel (e.g., pulverized coal) into the boiler 312.
Oxygen is supplied by oxidizing agent supply 318 and fuel is supplied by fuel supply
320.

[0045] In each of the embodiments of the boiler system 10, 110, 210,
310, the boiler(s) are essentially stand alone units that are constructed to operate so as
to maximize heat transfer that occurs by way of a radiant heat transfer mechanism.
As such, the boilers are relatively small (to ensure effective exposure of the water
walls/tubes T), or at least smaller than a comparable conventional boiler that relies on

convective heat transfer. Those skilled in the art will recognize that although each of
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steam boiler 3 12 for producing saturated steam and an
oxy-fuel conbustion system 322. The boiler system 310
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preheat the feed water prior to introduction to the
mai n boiler 312. [0042] This boiler system 310 is
configured to supply saturated steamto a desired
(presently unspecified) downstream process 360. To
this end, the system 310 i s shown with a "steam
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alpermait tha iboider thiet phasieallysmstlerianecconventipral beiker sbaneabout equal
size (power output). That is, because essentially pure oxygen (rather than air) is used
as the oxidizing agent, the entirety of the oxidizing agent is available for combustion
and the volume of gas input to the boiler is about 21 percent of the volume of gas that
would be needed if air is used as the oxidizing agent to provide the oxygen necessary
for combustion. Thus, the boiler could be considerably smaller because essentially
pure oxygen rather than air is used.

[0048) In addition, the fuel/oxygen mixture (again, rather than a
fuel/air mixture) results in higher flame temperatures in the boilers. Using oxy-fuel,
flame temperatures of about 5000°F in the boiler can be achieved. This is higher, by
about 1500°F to 2000°F, than conventional boilers. It has also been observed that
using oxy-fuel, in conjunction with these higher flame temperatures, results in a

highly efficient process.

11



to maxi m ze heat transfer that occurs by way of a

radi ant heat transfer nechanism As such, the boilers
wae@onedisd i vely small (to ensure effective expPSUIE2006/007568

the water walls/tubes T), or at least smaller than a

conpar abl e conventional boiler that relies on

convective heat transfer. Those skilled in the art

will recognize that although each ofthe boilers in

each syitem (for _exanple.the main boiler 12, superheat
boi | er B%nd r eFeRresebhailer sysisma pisingreatusnirggs as fuekthat

bobkygen/RaterhEFRs %@pok%nﬂl@%bl@@ 64565 rRRA iR cf%é&%&n% upon

boi l'er unit, is antici Eat ed that each of
bothP@rl%tY@éFhe@éygﬁmﬂmgm@d ematirg pfthp fiegl. UFir esample, vmdérddeal

Agé’dnﬁltlofléjé 199 3BRLA ulteh)%?'%g?x' the (l) %o]rgtfcgﬁ caq%ulfaz%q,tlo be

configured as two :
| n2-88d1.t Howevenlin thaihh ommswplytchmhbmalpercsma@ cﬁ“lmeu\lﬁx@%n

50 S e B UL i e 0

W pdrcebepnmqa [sucfhca atietort ik aXpet:thde. Aseuchfthae skiled @ thodrl Wil or

ach.of the h ng stages and
F pb{sBiaf P8 St Qb TR S et B thears o
eanatcumcing the ra)ﬂols | thdt i dppexirgdid1R e RhioRetrR Prdpobtiont 6f fiel and
control the heat input to the individual boilers to

noreces f ”etﬁ‘lqy control the overall process and steam
condi t ijeo38] [ 004fis ASpdrtioy bitGgdno H&P{n%bi@é’@a Mb%g%

patents to G oss, energy is input to the boilers

{ HEVEEeF- ¥ cxgmle SPRIgRmaielt deighiomarrioprogersipnsamovide for
afdo @RI RAbustion O Meifikl) tRhsSreMAR P4 Slﬁ)@@ﬁtliﬁl?’@&éﬁ&r\’oﬁ&e of

urnhace is radiant, with sone convec
Ig(ﬁ’%?‘@ro theppeeusoff-gas smissiopner s (and the oxy-fuel

S yst enpooggner al Iiyis iRpSAAES nBie¥hht bR é}c &Jﬂﬁrﬁfliﬂ%#ﬂ#%gﬂo

the oxy fuel conbustion systens provi
r 2V eeRto Rshassyreshostpigte compbastipacfherfyel oThis isin sk contrast to

( Rofventidhal @&Iexﬁﬂlﬁlgefo%’ﬂ%’élé{f Secttic #H&a%' doWer }Blyxptgsl)hat

further jncreases the heat trans i mzing
t [FEugels with QT fless en ignitieny\Bssentially; .04 equatets rttamstbmplelfer o m

t ngﬁﬁsﬁ&?ofttﬁe fu@? Tﬁtp?éselﬂ%‘&ﬂ’erﬁ;{sﬁe[xrgol[b?i1&91’(?3‘@%? ﬂﬁ l¥er

@'ﬁgr esent boilers maximze
peersubstantialisonunae¥ygen, i tightlyleentiedled ndar sinychikmmtnc

E Hﬁﬁ){] Fﬂh H"v 91§ TR fre b t’b Blat &7 é gtfred to gssegtially

Sl ca an a con ntional
aB@MQnt ézsru@trodg«i:tm of pm)m ancatiepptt th miditeide and podsquwmﬁnate

eﬁ%@ég&#@ lzi;ﬁnaﬂﬁ{tlﬁn %ﬁéﬂ%ﬁg& éh%%er})%g}ers 8? antac#rg)fg% &qlfl%?) 61e dnly
a@)emtmai;N@v avallablees from firdirbme hmogenamhet than wat whkh eduld
%rhpes@g#suft ?rof‘n[ %n{%%t{og rus1n§’ auffl b’i‘huts I%Ox, IP r?ort %oerg[t:)let%Iy ethmmated
1s reduced to an insignificant amount compared to conventional combustion systems
[0052] Moreover, because radiant heat transfer is the desired heat
transfer mechanism, less reliance is made on convective (gas) passes within the boiler.
This too permits a smaller, less complex boiler design. These design considerations
allow the boilers to be configured as stand alone, modular units. That is, referring to
FIG. 1, a stand alone main boiler 12 can be grouped with a stand alone superheat
boiler 14 which can grouped with a stand alone reheat boiler 16. Likewise, referring
to FIG. 3, a stand alone supercritical main boiler 212 can be grouped with a stand

alone reheat boiler 216 as the core of the boiler system 210. This stand alone
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C Qo8 'BTRFnd VAt 2 REQhGR LRARSY dGbout 1.97E9 BTU/hr. In the superheat

boiler, the change in enthalpy of the steam inlet to the steam outlet is about 1.22E9
BTU/hr with a fuel input enthalpy of about 1.60E9 BTU/hr. These result in
efficiencies in the main boiler and the superheat boiler of 101.0% (including
economizer gain) and 76.2%, respectively. It is important to note that the economizer
is included in the calculations for the main boiler (which takes exhaust from both the
boiler and superheating boiler) and as such, credit is taken for the exhaust gas energy
from the superheating boiler which allows the efficiency to appear to be greater than
100% (which it is not).

[0055] In the third, reheat-supercritical boiler, in'the supercritical main
boiler, the change in enthalpy of the water inlet to the steam outlet is about 2.37E9
BTU/hr with a fuel input enthalpy of about 2.72E9 BTU/hr. In the reheat boiler, the

13



proportion to the fuel (with boilers that are "tight",
that is, configured to essentially prevent the

WO niosooi8t i on of air), in an attenpt to m ni m RET/ESIH06/007568

possibly elimnate these |osses. In addition, when
usi ng these burners (in an oxy-fuel system, the only
theoretical NOx available is from fuel -borne nitrogen,
rather than that which could otherwi se result from
conbustion using air. Thus, NOx, if not conpletely
el ¢hangedn eathalpy ofdbieistean indet émthe sisany pittiet isahout$A3EABTU/Mr with
conpay.ed .t t t. Q52

Vot ey e BT YERL LT Ars TPIOHE Tl BB PciclClach e,
h mpertxﬁt&m]srhan boierhaad thenphehidmdler of 187 2@ cliglingedenoatizer gain)
conveetl v passes within the boiler. This too
pear“ﬂl%g;o &%?V%y | ess conpl ex boil er design. These
desi :C gn [mgpl der alni tk(ijmﬁst&t)k Hﬁ\&attda&d Rhh ebﬂertspstaﬂ the change in
con [ as st n | one, roun t |s,

G 0 e (1o o S A AR ST /B it gh

b% t@h’tﬂﬁgy ¥ 4b0utss. A BITFhO e fUPE bIoRBSWR Vst 6 abddt 0.13E8
whi ch can grouged with a stand al one reheat boiler 16.

Li KEWNE elhis resuly ipjap gificieney io, thesmaip beiles 9% b 6ne
super Cf?dsb]?a' ”Bra[ﬂyléopbélé‘v(: sifold padial Aasssgﬁ@éﬂeg%} b‘ﬁ'lah& a

st and one reheat boiler 216 as he core

b siomgpnesisdorthe Eh@aﬂsubﬁr@c@maﬁ §r0§¢lb¢1?é\ﬁlchﬁh0§msaﬁhi¢12 ghoyss
gﬂhfaﬂna@%@ @é@%ﬁﬁalz&\é@ o Xﬁpfb'r %%Lm %ﬁ%&?sﬂﬁcr%? 1tul)%en

nperature o e super ted steamis contro e

at@wpebydmlam Itaulss?wpewhmel maFhand gaerey balinsa comppaycats §or the

¢ ‘}Qﬂe t-MlﬂnSrfﬁﬁ'&? g&%?h@?brék%gr%v}ﬁ%ﬁ/ é)la geré‘ dely ?ﬁ@g 4 glﬁox%&tgﬁgl

ofmztsh mdsepsrtge wompehegtadorihe @Iturmdwﬂtaadbdmlyr wt. dyshould e abbd
gflat a;tf?i{ Qs%lalnll g éplga JAge %{1&%% 3 { I? ?l{e%e]%afa su%Lr?gtlcal

ges TP ng turn down op era
| doteramis aloavy first htui’sectnxslibgﬂercsaqtmns, lw;z)ch hhimimen tdded tazeﬂm to

conditio I nt re n
béin %%IP? ° e}é‘h 1905 %bden l#f’mpootge %Cﬁem?q]m 1{1u| np 0%:2{’] ‘tarﬂe
S epelr dfatat partind)| mass antd ena@pebdlance gélumsuamhrieemd&btes 1+’Bpthe

ef fi heat

papirit P hAb bRt re thetal e Biper 5 i Rty
s Rentisn béfate thderopomizecct ed boil er efficiencies are quite
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systens. For exanple, in the first, reheat/subcritical
unit, in the main boiler, the change in enthal py of
the water inlet to the steamoutlet is about 1.95E9
BTUW hr with a fuel input enthal py of about 2.08E9

BTUW hr. In the superheat boiler, the change in

ent hal py of the steaminlet to the steam
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partial mass and energy bal ance conponents for the

non-reheat/subcritical unit broken down by boilers,
waaiwbmoasshows partial mass and ener gy bal ancePCT/US2006/007568

conmponents for the reheat-supercritical boiler unit

br oken down by boilers, and Table 4 shows partial nass

and energy conponents for the saturated steam boil er

unit. It should be noted that the partial nass and

energy bal ance values in Table 3 for the
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oxygen, for combustion. The oxygen component of air (about 21 percent) is used in
combustion, while the remaining components (essentially nitrogen) are heated in and
exhausted from the furnace. Second, the present process uses oxygen and fuel in a
near stoichiometric proportion to one another (within a tolerance of about 5 percent).
That is, only enough oxidizing agent is fed in proportion to the fuel to assure complete
combustion of the fuel within the predetermined tolerance. And, this is carried out in

multiple boiler components or modules configured as a coordinated system, each
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essentially zero. [0060] In addition, it has been
observed that because the throughput of gases is
weonsioglasabl y | ower than conventional boil ers PEEUS2006/007568
vol une of discharge of exhaust gases is comrensurately
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(oxygen in the present systemconpared to air in
conventional systen) is about 2 1 percent of
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Usmg oxy-fuel, flame temperatures of about 5000°F can be achieved. This is higher,
by about 1500°F to 2000°F, than other, known boilers. It has also been observed that

using oxy-fuel, in conjunction with these higher flame temperatures, results in an

extremely highly efficient process.

[0062] In the present disclosure, the words “a” or “an” are to be taken
to include both the singular and the plural. Conversely, any reference to plural items
shall, where appropriate, include the singular.

[0063] From the foregoing it will be observed that numerous
modifications and variations can be effectuated without departing from the true spirit
and scope of the novel concepts of the present invention. It is to be understood that
no limitation with respect to the specific embodiments illustrated is intended or should
be inferred. The disclosure is intended to cover by the appended claims all such

modifications as fall within the scope of the claims.
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1. A nodul e based oxy-fuel boiler systemfor producing
steamfromwater, conprising: a first boiler having a
wo ewdnatier inlet in flow comuni cation with a PCT/USI006/07568

of tubes for carrying the water, the tubes form ng at

| east one water - wall, the first boiler configured to
substantially prevent the introduction of air; a first
boi | er oxygen supply for supplying oxygen having a

purity of greater than 2 P ent; a first boiler

carbon based fuel supply ppl yi ng a carbon based

f Wl is@aih6pst one first boiler oxy-fuel burner

system the first boiler oxy-fuel burner syste
f eedi ng theAasogglerba%eﬁ@xr-ﬁ@I leBi¥teBLSERToRNE FaHIGT e

fh&&ﬁ An a near stoichionmetric proportion to
one anot %o limt an excess of either the aoxygen or
the caa ﬁtsnb@h:s baying afeedvintey ifdetdn oW cpmpanicetinayitagdurality

q Iof {élg%s’nfo% gagll'yg{ﬁttﬁé whgl bt ﬁ)?ﬁlr@ F1e598hd FhteLTall, 9{6 first

energy exposure for energy transfer to
t beilavatiefiguteal tp suldtactallytpeeavent the ipwodngtiobefiairer havi ng a

N th the’s (3Gt B evedAREERY ORiEE pREet Btk L ST
boi | or 0 4 ho. Lubte i n the second boilor for i ng. ol

| east one t%%ré{)%]ﬁ Caﬂﬂ‘?z’a%eggbﬁ%a“%’g‘ flfnéfup b gurb Qfy based
substgﬂ%g?:g¥ g;event t he |ntroduct|onlgf air; .

having a puitiest B Do BAREP Bl butel Sl s ﬂ%r ogY el

boi | er pgAsTAgRerh #amhg fitwedxy SRl hefcarbos bsed ﬁien@toaheﬁfsbon
based fuel; at | east, one second boil er

bur ner boilepin as‘@ébﬁ?i“’]ﬁﬁ‘i"?té‘f’ PEOROIUIPR, Eq o0 &FWE‘?IX‘? L‘@g PR G
oxyge nelﬁﬁgth(a ReydealbPMB chrdseshsédiRk] t Btpﬁedbtbﬁmﬁ&ﬁ@l&ﬁmce

boiler in a near stoichjonetric portj o
anot her to Vheieip thedirgbeides Subgs arg |°f"#O redfr ‘E‘B‘? @ﬂ‘aﬂtrenf'i%
car bong,Haske fdrYfdr ﬁ’arﬁfep RSk aENo @)@cﬂiub@ét@hﬂ nc e
\(/j\,h e et ec? lrl]avm a luergh : gP t?l%esatrhg sgc%% Lodér bein 1n serles
i r ect 2 sqcaryl baile g a plurality g
with the first boiler and configured to carry out a different energy transfer function
than the first boiler, the tubes in the second boiler forming at least one tube wall, the
second boiler configured to substantially prevent the introduction of air;
a second boiler oxygen supply for supplying oxygen having a purity of
greater then 21 percent;
a second boiler carbon based fuel supply for supplying a carbon based
fuel;
at least one second boiler oxy-fuel burner, the second boiler oxy-fuel
burner feeding the oxygen and the carbon based fuel into the second boiler in a
near stoichiometric proportion to one another to limit an excess of either the
oxygen or the carbon based fuel to a predetermined tolerance,
wherein the second boiler tubes are configured for direct, radiant
energy exposure for energy transfer to produce steam, and
wherein the first and second boilers are independent of and in series with one

another.

18



energy exposure for energy transfer to produce steam
and wherein the first and second boilers are

w0 pbepenigent of and in series with one anot herPCT/E2006/007568
The nodul e based oxy-fuel boiler systemin accordance
with claim1 wherein the first boiler oxygen supply
suppl i es oxygen having a purity of about 85 percent.
3. The nodul e based oxy-fuel boiler systemin
accordance with claim1 wherein the second boiler
oxygen Zsupplthe Bogie P4§§d oyiyelboHensysigm in grgendesee rithlaimd
8
R R ol S Rt RPRRE o g DR SR T
a peedent. boi | er and the second boiler is a superheat
boi l er and wherein steam produced by the first boiler
is fed directly to the superheat boiler. 5. The nodul e
bas ed Gxy- f Ukd mbdilé based ygtfaeh ljoﬁerasgstcm dkamadwice twithl cldimm1

< R B S B 7 iy S i e R Iy Ol

gt. based oxy-fuel boiler systemin accordance with
claimb5 including a reheater boiler, wherein the
reheater boiler has a plurality of tubes, the reheater

boi | er gbei nghd Moé basd ¥t ﬁﬁﬂ)eltbbﬂerﬂiﬁétém RpidcEdard ithtim 1
super heat boiler ~and con out

i gur ed to‘i: % a

di Wheseie e fastbpilsy iva mpiaeterpphie sAnd bRiler ispsuprehaqt boiler and
boj hedin Qt@éin bldGucet B et tﬁﬂérh@fed dir&ly taHne §u¢efheﬁh%1ler
reheat boiler formng at |east one tube wall, the
reheater boiler configured to substantially prevent
the i ntsr odugfd AN badbd mxytttiﬁ bﬁﬁg%%terﬁ’ﬁi Ac@&rdﬁ%@ Wclam 4
|nclud|ng an oxygen suppl'y for supplying égen havi ng
a lp@udlngfa geanyuehing whelgtysteam exiing msupeahe@am hisfedtedhe

oy for supplying a carbon based fuel and at
Ieas one reheat boiler oxy-fuel burner, the oxy-fuel
burner feeding the oxygen and the car bon based f uel
into the rehgat el 8L &l 6K s th OBkl vith claim S
proportion to one anot an excess of either
t haclmkg@erehcatertbhdewahdy@n theaeheafer hpdler has aglusilisyief twbasi thed
to' Pﬁggﬂ'p@ sghets%thr %ﬁ&kb bgﬁ’ér L&J thE thedt! lﬁnl r and
con Qr rect; ant _ener gy posur e or ‘
e men@gmdrta oarFout adxf&m@ pﬁmtrankfer @n@@mtla\ndhwm@n dpiterahd

the superheat boiler, the tubes in the reheat boiler forming at least one tube wall, the

reheater boiler configured to substantially prevent the introduction of air, the reheat
boiler system including an oxygen supply for supplying oxygen having a purity of
greater than 21 percent, a carbon based fuel supply for supplying a carbon based fuel
and at least one reheat boiler oxy-fuel burner, the oxy-fuel burner feeding the oxygen
and the carbon based fuel into the reheat boiler in a near stoichiometric proportion to
one another to limit an excess of either the oxygen or the carbon based fuel to a
predetermined tolerance, wherein the reheat boiler tubes are configured for direct,
radiant energy exposure for energy transfer to superheat the steam and wherein the
rélieat boiler is ifidependent of the main boiler and the superheat boiler, the reheat
boiler being fed from an exhaust of the steam turbine and configured to produce

steam.
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reheat boiler is independent of the main boiler and

t he superheat boiler, the reheat boiler being fed from
waeooeniasst of the steam turbine and confi gur eBCT/US2006/007568

produce steam 7. The nodul e based oxy-fuel boiler

systemin accordance with claim®6 wherein the reheater

boi | er oxygen supply suppli-es oxygen having a purity

of about 85 percent. 8. The nodul e based oxy-fue

boi |l er systemin accordance with claim6 including an

i nt er medi at dhpmedslabeset oxpiusthoilshgistehninat@adimes withiclsich 6

by her i fedtothe internedi ate,’

o uhgSin YR 80§ bt Moy ebiS olfiel pyvire iy pf abput
sy&ipmann accordance with claim8 including a | ow
pressure turbine, wherein steam exhausted fromthe
internmedi ate pressure turbine is fed to the | ow

pressurg t urhe ipdas Basel 6x iRl SdiAsRMNA 'd&!oﬁﬁnéer w@iEH Jlehf% 6
| ow pressure turbine is fed to a condenser. 10.

motiiPding aw wiergediate pressugkfurbine, whereia stenn P&Q,Cblé?dda/ﬁb%whmth

cl wikt i fdde kecth@anAMtEHERATEBIe NaVI NY a gas side and
a feedwater side, wherein exhaust gases fromthe first

and second boiler flowinto the econom zer gas side

and wheyr ei ntfepdwat ﬁa{seé b)@“fixiltﬂbﬁlﬁr“‘sg lénfa&gﬁggég'\%ﬁlrcla%n%

into the feedwater I nlet
oxijjelpdiag a knov pressurgyarbiam whereie steand extousted frdm dieammmaxate

[ [8 [id.fu
DRSS o 65l APEhARSERI POM A B B by o
udbellonpresayre yurbiog isded toel condengerat | east one of the
boilers. 12. The nodul e based oxy-fuel boiler system
in accordance with claim 11l wherein a portion of the

exhaustl0.gas€ke medulstrded axyefaelbyilaayiten iiebordnice with@laim 1

fi. : ers. nodul.e based
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ex eggé e}’ﬂ?& otllrﬁdoéllﬁl'liJ ﬁ%ﬁlg{ljlﬁégnd?flt&%e r{é %’1‘?? tr eam of

the econom zer. 14. The m)dul e based oxy-fuel boiler
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t heeiaythefirst and second boilers are solid fuel boilers and wherein a portion of the

exhaust gases is used to carry solid fuel into at least one of the boilers.

12. The module based oxy-fuel boiler system in accordance with claim 11
wherein a portion of the exhaust gases is used to carry solid fuel into the first and

seconds boilers.

13.  The module based oxy-fuel boiler system in accordance with claim 11
wherein the portion of the exhaust gases that is used to carry solid fuel into at least
one of the boilers exhausts from an exhaust gas flowpath downstream of the

economizer.

14.  The module based oxy-fuel boiler system in accordance with claim 10
wherein exhaust gases exhausting from the economizer gas side preheat the oxygen

supply for the first and second boiler oxygen supplies.
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supply for the first and second boil er oxygen
supplies.15. The nodul e based oxy-foel boiler system
w0 pocaogasziance with claim 1l wherein the first POI/US2006/807568
a main boiler and the second boiler is a reheat boiler
and including a main steamturbine and an internedi ate
pressure turbine, wherein steamexiting the main
boiler is fed to the main steam turbine, steam
exhausted fromthe main turbine is fed to the reheat
boiler and steamexiting the reheat boiler is fed to
the internedj ate. pressure rbi.ne. 16. The npdul. .
based d%y- 1 A mebls e wﬂﬁ% OV SRR eI e Y Brckih 1
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I'ng an econom zer having a gas side and
a feedwater side, wherein exhaust gases fromthe main

and reheat poile xha # h the.econqm zer, a
ohor o1 167 selrb Gl HAt S bR LR i AR EGE en 8 15
e dohatingzelowanasura tupbihd) eviemarckteaeexhaustsetom the intddnediate

nodul e sed -fuel bojpler systemin accordance with
clpé‘?sf‘ﬁrig‘%eeﬁog@;lo‘fvﬁéesﬂﬁieh’ﬂ%{ﬂ% reheat boilers are solid
fuel boilers and wherein a portion of the exhaust
gases s used to rry, solid.fuel intp at | east.one. o
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of the exhaust gases is used to carry solid fuel into
tﬁ%hah‘ﬁtﬂ?t‘?]ﬁonfl%‘lg‘?&rat boilers. 21. The nodul e based
oxy-fuel boiler systemin accordance with claim 20

wherei n_ the portiogn of the exhaust gases that is used
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19.  The module based oxy-fuel boiler system in accordance with claim 18
wherein the main and reheat boilers are solid fuel boilers and wherein a portion of the

exhaust gases is used to carry solid fuel into at least one of the boilers.

20. The module based oxy-fuel boiler system in accordance with claim 19
wherein a portion of the exhaust gases is used to carry solid fuel into the main and

reheat boilers.

21.  The module based oxy-fuel boiler system in accordance with claim 20
wherein the portion of the exhaust gases that is used to carry solid fuel into at least
one of the boilers exhausts from an exhaust gas flowpath downstream of the

economizer.
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for the main and reheat boiler oxygen supplies. 23. A
boi |l er system for produci ng steam from water,

w@owpiodHesng a plurality of serially arranged bpCT/E8206/007568
each boiler having a inlet in flow comunication with
a plurality of tubes for carrying the water, the tubes
formng at | east one tube wall, each of the boilers
configured to substantially prevent the introduction
of air, each of the boilers including an oxygen supply
for supplying oxygen having a purity of greater than 2
1 percent, a carbon based fuel supply_ for supply
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respective boil I n a near
sfmthMmamdredaeqierMWKYg@n S'@RPIIPSF mt an excess of either
t he oxygen or the carbon based fuel to a predeterm ned
tol erance, wherein the boiler tubes of each boiler are
conf i gp3.ed Aobvilaisysan for pediicing steane frgm V@xqw@mpeisiﬁm

- Aibn aERRf o o B A nay iyl Bighv Gpyponication
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of the nultiples is simlar to each of the ¢ theﬁs of
t hasedfiel inbe is;respective boiler in a near stoichiometric proportion to limit an

excess of either the oxygen or the carbon based fuel to a predetermined tolerance,
wherein the boiler tubes of each boiler are configured for direct, radiant energy

exposure for energy transfer, wherein each of the boilers is independent of each of the

other boilers.

24.  The boiler system in accordance with claim 23 wherein the boiler

oxygen supplies each supply oxygen having a purity of about 85 percent.

25.  The boiler system in accordance with claim 23 including multiple
pluralities of serially arranged boilers, each of the multiples being in parallel with one

I4

another.

26.  The boiler system in accordance with claim 25 wherein each of the

multiples is similar to each of the others of the multiples.
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