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(57 ABSTRACT

An oxygen fueled combustion system includes a furnace
having at least one burner, an oxygen supply for supplying
oxygen having a predetermined purity, and a carbon based
fuel supply for supplying a carbon based fuel. The oxygen
and the carbon based fuel are fed into the furnace in a
stoichiometric proportion to one another to limit an excess
of either the oxygen or the carbon based fuel to less than 5
percent over the stoichiometric proportion. The combustion
of the carbon based fuel provides a flame temperature in
exeess of 4500° F.'The exhaust gas stream from the furnace
has substantially zero nitrogen-containing combustion pro-
duced gaseous compounds from the oxidizing agent and
reduced green-house gases. Substantially less carbon based
fuel is required than conventional combustion systems with-
out a loss of cnergy output,

22 Claims, § Drawing Sheets
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heavily dross-laden product is pressed in a mechanical press
to separate the aluminum from the heavily dross-laden
product to produce a concentrated heavily dross-laden prod-
uct. The method can include the step of refurning the
concentrated heavily dross-laden product 1o the furnace.
Introduction of the dross-laden aluminum into the furnace is
carried out 1n near direct flame impingement to release the
oxides from the dross.

These and other features and advantages of the present
invention will be apparent from the following detailed
description, in conjunction with the appended claims.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWINGS

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:

FIG. 1 is an overall flow scheme of an exemplary alumi-
num scrap recovery process having a melting furnace with
an oxvgen fueled combustion system, in which green-house
gas procuction and fuel consumption are reduced, embody-
ing the principles of the present invention;

FIG. 2 is an overall flow scheme of a dross processing
operation continued from FIG. 1 having a recovery furnace
having an oxygen fueled combustion system embodying the
principles of the present invention;

FIG. 3 is an exemplary natural gas supply train and
oxygen supply train for use with the oxygen tueled com-
bustion system;

FIG. 4 is an overall plant scheme showing the oxygen
supply, from a cryogenic plant, and flow 1o the furnaces, and
further illustrating an exemplary waste heat recovery plant;

FIG. 5 is a schematic illustration of an aluminum melting
furnace for use with an oxygen fueled combustion system in
accordance with the principles of the present invention;

FIG. 6 is a side view of the furnace of FIG. §;

FIG. 7 is a front view of the melting furnace of FIG. 6;

FIGS. 8 und 9 are partial cross-sectional illustrations of a
side wall and the floor of the furnace, respectively;

FIG. 10 illustrates a burner assembly for use with the
oxygen fueled combustion system,

FIG. 11 is a schematic illustrations of an exemplary
control system for use with an oxygen fueled combustion
system of the present invention

FIG. 12 is a schematic view of an exemplary power boiler
or furnace front wall illustrating a burner and an air feed
arrangement, and showing the incorporation of an oxy fuel
combustion system therein embodying the principles of the
present invention; and

FIG. 13 is a schematic illustration of a waste incinerator
showing the incorporation therein of an oxy fucl combustion
system embodying the principles of the present invention.

DETAILED DESCRIPTION OF THE
INVENTION

While the present invention is susceptible of embodiment
in various forms, there is shown in the drawings and will
hereinafter be described a presently preferred embodiment
with the understanding that the present disclosure is to be
considered an exemplification of the invention and 1s not
intended to limit the invention to the specific embodiment
ilustrated. It should be turther understood that the title of
this scction of this specification, namely, “Detailed Deserip-

6

tion Of The Invention”, relates to a requirement of the
United States Patent Office, and does not imply, nor should
be inferred to limit the subject matter disclosed herein.
An oxy-fucl combustion system uses essentially pure
5 oxygen, in combination with a fuel source to produce heat,
by flame production (i.e., combustion), in an efficient, envi-
ronmentally non-adverse manner. Oxvgen, which is sup-
plied by an oxidizing agent, in concentrations of about 85
percent 1o about 99+ percent can be used, however, it is
preferable 1o have oxygen concentration (i.e., oxygen supply
purity) as high as possible. In such a system, high-purity
oxygen is fed, along with the fuel source in stoichiometric
proportions, into a burner in a furnace. The oxygen and fuel
is ignited to release the energy stored in the fuel. For
purposes of the present disclosure, reference to furnace is to
be broadly interpreted to include any industrial or commer-
cial heat generator that combusts fossil (carbon-based) fuels.
In a preferred system, oxygen concentration or purity is as
high as practicable to reduce green-house gas production.
It is contemplated that essentially any fuel source can be
20 used. For example, in a present application, as will be
described in more detail below, oxygen is fed along with
natural gas, for combustion in a furnace. Other fuel sources
contemplated include oils including refined as well as waste
oils, wood, coal, coal dust, refuse (garbage waste) and the
25 like. Those skilled in the art will recognize the myriad fuel
sources that can be used with the present oxy-fuel system.
The present system departs from conventional processes
in two principal areas. First, conventional combustion pro-
cesses use air (as an oxidizing agent to supply oxygen),
o rather than essentially pure 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 cxhausted from the furnace.
Second, the presen( process uses oxygen in a stoichiometric
s proportion to the fuel. That is, only enough oxygen is fed in
proportion to the fuel to assure complete combustion of the
tuel. Thus, no “excess” oxygen is fed into the combustion
system,
Many advaniages and benefits are achieved using the
40 present combustion system. It has been observed, as will be
described below, that fuel consumption, to produce an
equivalent amount of power or heat is reduced, in certain
applications, by as much as 70 percent. Significantly, this
can provide for a tremendous reduction in the amount of
45 pollution that results. Again, in certain applications, the
emission of NOX can be reduced to essentially zero, and the
emission of other green-house gases reduced by as much as
about 70 percent over conventional air-fueled combustion
systems.
An Exemplary Scrap Aluminum Recovery Process
In one specific use, the oxygen fueled combustion system
(also referred 10 as oxy-fuel or oxy-fueled) is used in a scrap
aluminum recovery plant 10. A flow pracess for an exem-
plary plant is illustrated in FIGS. 1-2. Scrap aluminum,
55 generally indicated at 12 is fed into a melting furnace 14, and
is liquefied. The plant 10 can include multiple furnaces
operated in parallel 14, one of which is illustrated. The
liquefied or molten aluminum is drawn from the melting
furnace 14 and is fed into a smaller holding furnace or holder
60 16. The holding furnace 16 is also an oxy-fueled furnace.
The molten aluminum is drawn from the melting furnace 14
as necessary, o maintain a certain, predetermined level in
the holding furnace 16. This can result in continuously
drawing down from the melting {urnace 14 or drawing down
65 In “‘batches” as required.
In the holding furnace 16, chlorine and nitrogen (as gas),
as indicated at 18 and 20, respectively, are fed into the
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[57] ABSTRACT

A power generation system in which one or more vapor
generators are provided for driving a turbine having a
relatively high pressure section and at least one rela-
tively low pressure section. A reheater is disposed be-
tween the high pressure turbine section and the low
pressure turbine section and its outlet is connected to
the latter section, The steam outlet of the vapor genera-
tor is connected directly to the high pressure turbine
section and directly to the reheater, and the outlet of the
reheater is connected directly to the low pressure tur-
bine section and directly to the condenser.

13 Claims, 1 Drawing Figure
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POWER GENERATION SYSTEM

BACKGROUND OF THE INVENTION

This invention relates to a power generation system
and, more particularly, to such a system in which the
condition of the vapor output from one or more vapor
generators is precisely controlled before being passed to
a turbine for driving same.

In the design of power generation systems, it is often
necessary to carefully control the critical parameters,
such as temperature and pressure, of steam from a vapor
generator before it is passed to a turbine. For example,
power generation systems may utilize two vapor gener-
ators which operate to drive a single turbine. In this
manner, the vapor generators can be designed to oper-
ate at approximately half the load of the turbine so that,
upon failure of one of the generators, the turbine still
will be driven by the other generator to avoid a com-
plete stoppage of the turbine. However, in systems of
this type, when one of the vapor generators is started up
after being shut down for any reason, the temperature
and pressure conditions of the vapor generated by the
starting up vapor generator must be carefully regulated
8o that it will match the temperature and pressure con-
ditions of the vapor generated by the other vapor gener-
ator that is in operation since, otherwise, the turbine
may be severely damaged.

SUMMARY OF THE INVENTION

It is, therefore, an object of the present invention to

provide a power generation system of the above type
which enables the temperature and pressure conditions
of steam generated by a vapor generator to be carefully
controlled.
- It is a further object of the present invention to pro-
vide a power generating system of the above type in
which two vapor generators are provided for driving a
turbine and in which the temperature and pressure con-
ditions of the steam generated by each generator is
precisely controlled to effect optimum matching of the
two supplies of steam before they are passed to the
turbine.

It is a still further object of the present invention to
provide a power generation system of the above type in
which the steam output from either of the vapor genera-
tors is selectively directed to various other stages of the
system in order to selectively control its pressure and
temperature conditions.

Toward the fulfillment of these and other objects, the
power generation system of the present invention com-
prises at least one vapor generating means, a relatively
high pressure turbine section and at least one relatively
low pressure turbine section, a reheater, a condenser,
fluid transfer means connecting said vapor generating
means directly to said high pressure turbine section and
directly to said reheater, and fluid transfer means con-
necting said reheater directly to said low pressure tur-
bine section and directly to said condenser.

BRIEF DESCRIPTION OF THE DRAWINGS"

The drawing is a schematic representation of ‘t\he fluid
circuit of the power gencration system of the present
invention. . :

30
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DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Referring specifically to the drawing, the reference
numeral 10 refers in general to a boiler which is con-
nected via a line 12 to a superheater 14. For the pur-
poses of this application, it is to be understood that the
term “line” is meant to cover all possible fluid transfer
systems, such as tubes, conduits, downcomers, and the
like, which are normally associated with this type of
equipment. As an example, the line 12 could be in the
form of tubes connecting one section of a finned tube
wall forming the furnace section of the boiler, with
another section thereof.

A line 16 extends from the line 12 and is connected to
a condenser 18 for supplying fluid from the boiler 10
directly to the condenser without passing through the
superheater 14. A flow control valve 20 and a desuper-
heating unit 22 are provided in the line 16 for reasons
that will be indicated in detail later. The outlet of the
superheater 14 is connected, via a line 24, to a (Y) junc-
tion header 26 with stop-check valve 28 and stop valve
30 being imposed in line 24. Also, a line 32 extends from
the line 24 at a point between the stop-check valve 28
and stop valve 30 for connecting the line 24 to drain,
with a flow .control valve 34 being disposed in the line
32 for the purpose of checking the tightness of valves 28
and 30. .

The outlet of the (Y) junction header 26 is connected,
via a line 36, to the high pressure section 38 of a turbine,
and a flow control valve 40 is disposed in the line 36 for
controlling the flow of fluid to the latter section. A line
42 connects the outlet of the high pressure turbine sec-
tion 38 to a (Y) junction header 44 and a stop-check
valve 46 is disposed in the line 42. The outlet of the (Y)
junction header 44 is connected, via a line 48, to a re-
heater 50. A flow control valve 52 and a check valve 54
are disposed in the line 48.

A line 56 connects the outlet of the reheater 50 to a
(y) junction header 58 with a stop-check valve 60 being
disposed in the line 56. The outlet of the (Y) junction
header 58 is connected, via a line 62, to the intermediate
pressure section 64 of the above-mentioned turbine and
a flow control valve 66 being disposed in the line 62.
The intermediate pressure section 64 of the turbine is
connected to a low pressure section 68 by a line 70, with
the output of the low pressure section being connected
to the condenser 18 by a line 72.

A bypass line 74 connects with the line 24 at a point
between the superheater 14 and the valve 28, and with
the line 48 at a point between the check valve 54 and the
reheater 50. A pressure reducing valve 76 and a desu-
perheating unit 78 are disposed in the line 74.

A bypass line 80 connects with the line 56 at a point
between the reheater 50 and the valve 60, and connects
the latter line directly to the condenser 18, with a pres-
sure regulating valve 82 and a desuperheating unit 84
being disposed in the line 80.

It should be noted that the basic fluid flow circuit
would extend through the appropriate lines just men-
tioned from the boiler 10 through the superheater 14
and the (Y) junction header 26, and to the high pressure
turbine section 38. From the latter turbine section. the
fluid would flow through the (Y) junction header 44,
the reheater 50 and into the (Y) junction header 58,
from which it passes to the intermediate pressure tur-
bine section 64. From the latter turbine section, the fluid
would then pass into the low pressure turbine section 68
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Como resultado del examen de fondo, realizado con fundamento en el articulo 45 de
la Decisién 486 de la Comisién de la Comunidad Andina, se le comunica:

1. Documentos estudiados

1.1. Descripcion: Folios: 09 a 35 como se radicd iniciaimente.
1.2. Reivindicaciones: Folios: 36 a 42 como se radico inicialmente.
1.3. Dibujos: Folios: 43 a 48 como se radico inicialmente.
1.4. Prioridad: 2005-03-01, US 11/070,177

2. Objeto de la invencion
Titulo de la solicitud: “Caldera de oxigeno y combustible basada en moédulos”.

El objeto de la presente solicitud de patente de invencion se refiere a una caldera
alimentada por oxigeno y combustible, que tiene un disefio basado en médulos.

El problema planteado en esta solicitud se relaciona con la necesidad de una caldera
que utilice un sistema de combustion de oxigeno y combustible para reducir la
contaminacién ambiental.

Para solucionar este problema técnico, la solicitud en estudio proporciona un sistema
de caldera basado en médulos, usando una pluralidad de calderas independientes
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11
que operan en serie y utilizan oxigeno y combustible para producir vapor a partir de
agua. Las calderas estan configuradas para llevar a cabo funciones diferentes de
transferencia de calor, unas respecto a las otras.

El objeto de la invencién definido anteriormente se clasificé de acuerdo con el IPC
asi: B29K 25/00; CO8F 290/04; B29C 45/00.
3. De la solicitud de Patente

3.1. Reivindicaciones (articulo 30 D 486)

Esta oficina se permite sefialar que dentro de las reivindicaciones se encontré falta
de claridad y concisién.

3.1.1. Claridad y concision.

Estudiado el capitulo reivindicatorio que obra en los folios 36 a 42, se observé que
el objeto de la solicitud no se encuentra bien definido.

Se observa que en la reivindicacion 1 el sistema de caldera de oxigeno y combustible
basado en médulos para producir vapor a partir de agua, se define por contener una
primera caldera que tiene una entrada de agua de alimentacién, un suministro de
oxigeno, un suministro de combustién, por lo menos un sistema de quemador de
oxigeno y combustible. Por otra parte, se esta reivindicando el objeto de la solicitud
por caracteristicas funcionales que no definen el objeto de la invencién, como es el
reivindicar que el suministro de gas se caracteriza por suministrar oxigeno de una
pureza mayor de 21 por ciento, o reivindicar que el suministro de gas se caracteriza
por ser basado en carbono para suministrar combustible basado en carbono.

También se esta reivindicando el sistema quemador de oxigeno y combustible por
caracteristicas funcionales que no revelan cdémo es lo estructural o la conformacién
de los elementos del sistema de caldera reivindicado.

Se observa que el objeto de la solicitud no se reivindica por la forma estructural y de
los elementos que conforman el sistema, por medio de los cuales se logran los
resultados funcionales que se ensefian en la reivindicacién 1.

De igual manera, en la misma reivindicacién 1 se define una segunda caldera
conectada en serie a la primera caldera, definiéndose de la segunda caldera
caracteristicas funcionales y no por los elementos estructurales y por los elementos
que conforman dicha caldera y como se disponen estos elementos para lograr el
resultado y la funcién definidos.

Por otra parte se observa que las reivindicaciones 1, 23, y sus respectivas
dependientes se relacionan al mismo objeto, y las diferencias entre una y otras se
limitan a la definicion de la materia que se trata de proteger, por esta razén el pliego
no es conciso, por lo que se podria omitir la reivindicacion 23, agrupando en la
reivindicacion 1 todas las caracteristicas técnicas que se considere hacen novedosa
la invencion.

Se sugiere presentar un nuevo capitulo reivindicatorio, evitando multiples
reivindicaciones independientes por categoria y definir la materia a proteger
mediante una sola reivindicacién independiente.

Por ofra parte, se sugiere separar en forma clara el preambulo de la parte
caracteristica de la invencién. De acuerdo a esto, se sugiere utilizar en la
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reivindicacién principal y las reivindicaciones dependientes, el término “caracterizado
porque” para efectos de mayor claridad y definicién de las caracteristicas novedosas
de la invencioén.

La presente solicitud no cumple con los requisitos de concisién y claridad de acuerdo
al art. 30 de la Decision 4886.

4. Determinacién del Estado de la Técnica

La fecha que se ha tenido en cuenta para determinar el Estado de la Técnica es:
Fecha de presentacion de la solicitud prioritaria, 2005-03-01.

Teniendo en cuenta la fecha indicada se realiz6 la busqueda en el estado de la

técnica de documentos relacionados con la solicitud, encontrandose los siguientes
documentos maés relevantes:

Fecha de

. .
N° | Documento Titulo publicacién*

D1 | US 6436337 | “Oxy-fuel combustion system and uses therefor’ | 2002-08-20

D2 | US 4060990 "Power generation system” 1977-12-06

D1 ensefia un sistema de combustién que incluye un horno y un suministro de
oxigeno con una pureza determinada, en donde el oxigeno y el combustible son
alimentados en el horno en una proporcion estequeometrica. Verde D1, la columna
6, lineas 4-38, en el folio 110.

D2 ensefia un sistema de generacién de potencia, en el cual, dos generadores de
vapor son dispuestos para operar una turbina, controlando con precisiéon las
condiciones de temperatura y presion del vapor en cada generador antes de hacer
pasar el vapor a la turbina. Ver de D2, el resumen y la columna 1, lineas 39-46, en
folios 111, 112.

5. Analisis de patentabilidad (articulo 14 D486)

5.1.  Nivel inventivo (articulo18 D486)

5.1.1. Respecto a la solicitud en estudio:

La reivindicacion independiente numero 1 ensefa:

“Un sistema de caldera de oxigeno y combustible basado en médulos para
producir vapor a partir de agua, el cual comprende.

una primera caldera que tiene una entrada de agua de alimentacion en
comunicacion de flujo con una pluralidad de tubos para (...) (...).” Ver folio 36.

5.1.2. Respecto al estado de la Técnica:

El documento US 6436337, nombrado como D1, revela un sistema de combustion
oxigeno combustible, que comprende dos hornos (14), utilizando una proporcion
estequiometrica y una concentracion de oxigeno que esta en el rango de lo
reivindicado en la presente solicitud. Ver la columna 6, lineas 4-38, en el folio 110.

W



1
El calor generado en los hornos (14) es usado para generar vapor en el vaporizgfor
(208) del intercambiador de calor (204) y hacer funcionar una turbina de vapar.

Eldocumento D1, no revela dos calderas separadas calentadas directamente por los
hornos (14).

El documento US 4060990, nombrado como D2, revela el concepto de usar dos
hornos (12), (12a), para calentar las calderas 10, 10a, y los sobrecalentadores 14,
14a, generar vapor y operar la turbina de alta presion 38, una turbina 64 de presién
media, y la turbina de baja presion 68. Verde D2, el resumen y la columna 1, lineas
39-46, en folios 111, 112.

Podria ser obvio para una persona del oficio versada en la materia técnica
correspondiente, en el momento de realizada la presente invencién, modificar el
sistema enseriado en D1 y utilizar los hornos (14) revelados en dicho documento
para calentar multiples calderas, incluyendo un sobrecalentador y un recalentador,
logrando operar un turbina de vapor de tres etapas tal como se revela en D2, con el
objetivo de generar mayor energia con transferencia de calor directa.

5.1.3. Las reivindicaciones 1, 23, de la solicitud en estudio, se pueden ver
afectadas por falta de nivel inventivo.

5. Conclusion:

Los requisitos de patentabilidad de la presente solicitud se encuentran afectados asi:

\
Reivindicaciones . .
] 0
N Documento N afectadas Requisito que afecté
D1 US 6436337 1,23 Nivel invertivo
D2 US 4060990 1,23 Nivel inventivo

En cumplimiento del articulo 45 de la Decisién 486 de la Comision de la Comunidad
Andina, se le indica que debe dar respuesta dentro del término de sesenta dias
contados a partir de la fecha de notificacion de la presente comunicacion. En caso
de no dar respuesta al presente requerimiento, o si a pesar de la respuesta
subsistieran los impedimentos para la concesion, se denegara la patente.

Notifiquese el presente oficio conforme a lo dispuesto en el numeral 5.2, literal e), del
capitulo quinto del titulo primero de la Circular Unica N° 10 de 2001.

JOSE LUIS SALCAZAR LO: PEZ

Director de Nuevas Creaciones (E)

El anterior requerimiento fue notificado por fijacion en lista, de fecha
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