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Summary of Facts and Subm ssi ons

The appeal contests the decision of the Opposition
Division dated 6 July 2001 and posted on 30 August 2001
to mai ntain European patent No. 0 653 590 i n anended
formwith the follow ng i ndependent claim1:

"1l. A nethod for carrying out conbustion while
achi eving reduced generation of nitrogen oxides
conpri si ng:

(A) injecting primary fuel and primary oxi dant
together or separately into a conbustion zone in a
ratio within the range of from5 to 50 percent of
stoichionetric, said primary oxidant being a fluid
havi ng an oxygen concentration of at |east 90

vol ume percent, wherein when injecting primry
fuel and primary oxidant together in a prem xed
condition, the mxture is injected into the
conbustion zone at a velocity of at least 15 nis
50 feet per second), and wherein, when injecting
primary fuel and primary oxi dant separately, the
primary fuel is injected into the conbustion zone
at a velocity of at least 15 nis (50 feet per
second) and the primary oxidant is injected into

t he conbustion zone at a velocity less than that
of the primary fuel

(B) injecting secondary oxidant into the
conbustion zone at a point spaced fromwhere said
primary fuel and primary oxidant are injected into
t he conbusti on zone;

(C conbusting primary fuel and primary oxidant
wi thin the conbustion zone separate fromthe
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secondary oxi dant to produce conbustion reaction
products; and

(D) m xing secondary oxidant with conmbustion
reacti on products within the conbustion zone and
t hereafter conbusting secondary oxidant with
conmbustion reaction products.™

. The opposition was based on the grounds of |ack of
novelty and inventive step (Article 100(a) EPC), of
insufficient disclosure (Article 100(b) EPC) and of
added subject-matter (Article 100(c) EPC). Since no
substanti ati on was provided for the grounds of
Article 100(c) this objection was not dealt with in the
deci si on under appeal. As regards the other grounds the
Qpposition Division canme to the conclusion that the
upper limt for the injection velocity of the m xture
could be easily found by a skilled person and that the
injection of the primary fuel and oxi dant having an
oxygen concentration of at |east 90%wth a velocity of
at least 15 mis in the first stage of a staged
conmbustion process for reducing nitrogen oxi des was not
derivable fromthe available prior art. The
adm ssibility of the opposition with respect to the
grounds of Article 100(a), which was disputed by the
Proprietor of the patent, was acknow edged as sone of
the essential features of claim1l were discussed in
view of a prior art docunent.

L1l The Opponent (hereinafter denoted Appellant) filed the
noti ce of appeal on 17 Septenber 2001 and paid the
appeal fee on the sanme day. The statenent of the
grounds of appeal was filed on 28 Decenber 2001.
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In response to the statenent of the grounds of appeal
the proprietor of the patent (hereinafter denoted
Respondent) filed anended sets of clains according to a
first and second auxiliary request.

In oral proceedings held on 22 May 2003 the Appel |l ant
decl ared that novelty was no | onger disputed. Further,
no argunents concerning the grounds of Article 100(c)
EPC wer e brought forward.

I V. Wth respect to the issue of inventive step inter alia
the followi ng prior art was taken into consideration:

Di1: A l.Dalton and D. WTyndal |, "Oxygen Enriched
Air/ Natural Gas Burner System Devel opnent™, Fi nal
Report, Novenber 1989, Gas Research Institute,
Chi cago, 111.

D3: EP-A-0 507 995

D4: DE-A-41 42 401

D7: C. E.Baukal and A.1.Dalton, "No, Measurenents in
Oxygen- Enri ched, Air-Natural Gas Conbustion
Systens", Gas Research Institute 1990, pages 1,5,6

D9: S.K Panahi et al., "Low NQ, Technol ogi es for
Nat ural Gas-Fired Regenerative dass Mlters”,
Institute of Gas Technol ogy, paper presented at
The Scandi navi an Soci ety of d ass Technol ogy
Annual Meeting 1992, page 10

V. The Appel |l ant requests that the decision under appeal
be set aside and that the patent be revoked. Its
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argunents in support of this request can be sumarized
as follows:

The patent |acked a sufficiently clear and conplete

di scl osure because a skilled person would not know how
he should, in step (D) of claim1, carry out the step
of m xing the secondary oxidant with conbustion
reaction products before conbusting it therewi th, since
conmbustion woul d start when m xing the oxidant with the
conbustion reaction products and no neasures were

di scl osed which would all ow separation of the m xing
zone fromthe conmbustion zone and prevent the fuel from
spreading all over the conbustion chanber. Further, it
was uncl ear whether an injection velocity of 15 nis was
the "high" velocity required according to colum 4,
lines 13 to 20, of the patent to | ower the No,

em ssions. It appeared from Figure 4 and col um 5,
lines 33 to 46, of the patent that the velocity should
be consi derably higher, at |east 58 nis.

Since both staged conbustion with a | ow | evel of oxygen
enrichment in the primary oxidant as well as a
conmbustion with a highly oxygen enriched oxi dant were
suggested in DL and D7 as suitable neasures to reduce
the formation of nitrogen oxides, it was obvious to
conbi ne both nmeasures, in particular as the reduction
by oxy-fuel conbustion, ie with pure oxygen as oxi dant,
wor ks irrespective of the different flanme tenperature
in both processes. Further, it was known fromD4 to
include, in a staged conbustion process, a
subst oi chionetric conbustion with oxygen as primary

oxi dant in order to reduce No, em ssions by avoi di ng
hi gh tenperature zones to form A skilled person faced
with the probl emof further reducing the em ssions wll
turn to D3 disclosing the concept of reducing the flane
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tenperature by diluting the fuel and the oxidant with
furnace gases before conmbustion by injecting both
streanms with a high velocity into the conmbustion
chanber. Applying this concept to the process of D4 and
carrying out routine tests in order to find the
appropriate injection velocity would lead the skilled
person directly to the nethod of claim1l1, especially as
the principle of dilution by high injection velocity
was applicable to single and multiple stages of
conmbustion. The injection of stabilizing oxidant into

t he conbustion zone proximate the fuel stream as

di sclosed in colum 5, lines 3 to 12 of D3, could be
seen as a further pointer towards a staged combusti on.

The Respondent requests that the appeal be dism ssed
or, auxiliarily, that the patent be maintained on the
basis of one of the two auxiliary requests filed on

6 May 2002.

It submts essentially the follow ng argunments in
support of this request:

A description of howto carry out step (D) of claiml
was to be found in colum 4, lines 33 to 44 of the
patent, wherefromit could be derived that, due to the
concentration gradient for the conmbustion products

wi thin the conbustion chanber, the secondary oxi dant
would first mx with products of conplete conbustion
before arriving at a zone with unburned fuel for
conbustion. The term "conbustion reaction products” was
used in step (D) to include products of conplete
conbustion as well as unburned fuel or products of

i nconpl ete conbustion. As to the injection velocity, no
anbi guity was seen because claim 1, rather than
referring to a "high velocity", specified a defined
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| ower value. An inconsistency with the description, if
any, or doubts as to whether the problem of reducing No,
em ssions was solved with velocities within the
specified range woul d have to be treated as objections
under Article 84 and 56, respectively. However, such

obj ections were unfounded because there was no evidence
that the desired results were not achieved with the
specified velocities.

As to inventive step, both DI and D7 disclosed either a
staged conbustion with | ow oxygen enrichnment of the
primary oxidant or a single-stage conbustion with high
oxygen enrichnment of the oxidant as alternatives for
reduci ng No, em ssions. Thus, both docunents taught away
fromusi ng staged conbustion with high | evels of oxygen
enri chment.

When starting fromD4 as closest prior art, document D3
specifying a value for the injection velocity of the
oxi dant coul d not suggest the injection velocity as
defined in step (A) of claim1l because D3 related to
the separate injection of fuel and oxidant in a one-
stage conbustion process in a furnace with a uniform
furnace atnosphere and neither could nor would be
conbined with D4 relating to a reduction of em ssions
by staging the conbustion in a furnace. Mreover, D3
taught to dilute the oxidant by injection thereof and
could not, therefore, provide a pointer to select an
injection velocity for the fuel, as defined in step (A
of claiml1, for mxing with conbustion reaction
products. The injection of additional oxidant described
in colum 5 of D3 concerned the stabilisation of the
flame and could not, therefore, serve as an indication
for a staged conbustion for reduci ng No, em ssi ons.
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Reasons for the Decision

1

1663. D

The appeal neets the requirenents of Rule 65(1) EPC and
is, therefore, adm ssible.

The adm ssibility of the opposition was no | onger
chal | enged by the Respondent in the appeal procedure.
The Board has exam ned this issue ex officio and came
to the conclusion that the grounds of Article 100(a)
and (b) were sufficiently substantiated so as to render
t he opposition adm ssible. It is noted, however, that
an insufficient substantiation with regard to one
ground, as brought forward by the Respondent in the
proceedi ngs before the first instance, could cause
neither an inadm ssibility of the opposition as a whole
nor an inadmssibility of that ground of opposition if
there is a sufficient substantiation with regard to at
| east one other ground, in this case the grounds of
Article 100(b), because the opposition cannot be partly
i nadm ssi ble. Rather, the unsubstantiated ground woul d
have to be considered in this case if it was decided
that, exercising the discretion provided by

Article 114(2) EPC, any relevant facts or evidence
concerning this ground and submtted by the
Appel | ant/ Opponent after expiry of the opposition
period should be admtted into the proceedings.

In the present case the opposition ground of added
subject-matter (Article 100(c) EPC) was marked on the
opposition form 2300 but no facts, evidence or
argunents in support of this ground were filed by the
Appel lant. Thus, this ground will not have to be
consi der ed.
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The sufficiency of disclosure was di sputed by the
Appel l ant for two reasons, nanely the inability of the
skilled person to carry out step (D) of claim1l and the
uncertainty with regard to the injection velocity to be
selected in step (A of claiml.

Regarding the first reason there would indeed be a
probl em of m xi ng the secondary oxidant with combustion
reaction products before initiating the conbustion of
this secondary oxidant with the conbustion reaction
products, if the term "conbustion reaction products”
defined, in both occurrences in step (D), the sane
products of inconplete conbustion as in step (O of
claiml. In this case the conmbustion would, due to the
unburned fuel in the conbustion reaction products,

i nevitably start when m xi ng both conponents. There is,
however, no need to interpret claiml in this manner.
In fact, the term "conbustion reaction products” is not
acconpani ed by a definite article, which would provide
a link to the correspondi ng products of step (C), and
is a general termincluding products of conplete
conmbusti on and unburned fuel or products of inconplete
conbustion, as defined in colum 2, lines 39 to 48, of
the patent in suit. Thus, step (D) could al so be
understood in the sense that the secondary oxidant is
first mxed with products of conplete conbustion in one
zone of the conbustion chanber and thereafter brought
to a different zone where this m xture i s conbusted

wi th unburned fuel or products of inconplete
conmbustion. A skilled person would adopt this
interpretation because he is aware that the
interpretation followed by the Appellant is problematic
froma technical point of view and that a gradient is
present in the conmbustion chanber froma zone closer to
the injected fuel stream where the concentration of
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unburned fuel and of products of inconplete conbustion
is higher to a zone closer to the injected secondary
oxi dant where the concentration of conpletely conbusted
products is higher. Any further doubts as to how step
(D) should be carried out could be renoved by reference
to the description of the patent in colum 4, |ines 38
to 42, which confirns the above interpretation by
stating that the products of conplete conbustion are
entrained into the secondary oxidant streamprior to

t he conbustion of the secondary oxidant streamw th
unburned fuel.

As to the second reason for insufficient disclosure,
the Appellant argued that it was uncl ear whether an
injection velocity of 15 m's was the "high" velocity
required according to colum 4, lines 13 to 20, of the
patent to | ower the No, em ssions and that it appeared
fromFigure 4 and colum 5, line 36 of the patent that
the velocity shoul d be considerably higher, at |east
58 mi's. This argunment must fail for the reason al one
that the requirenment of Article 100(b) relates to the
invention, which is the subject-matter as defined in
the clains, and claim 1l does not refer to a "high"
velocity but specifies, in step (A, a clear |ower
threshold for the injection velocity. It was not, and
cannot seriously be, disputed that a skilled person is
able to realise an injection velocity above this

t hreshol d. Whether or not it was derivable fromthe
description that it was inpossible to solve the problem
of reducing No, emi ssions with such an injection

vel ocity, as argued by the Appellant, does not affect
the possibility of carrying out the nmethod as defi ned
inclaiml but may raise a clarity problem which would
al so have to be taken into account when assessing

i nventive step. However, such objections were unfounded



1663. D

- 10 - T 1029/ 01

because there was no evidence that the desired results
were not achieved with the specified velocities. The
Appel | ant nmade reference to Figure 4 of the patent in
suit to denonstrate that higher velocities than just
15 ms are required for reducing No, em ssions. This
argunent is based on the assunption that a desirable
reduction of the em ssion should be bel ow t hat obtained
with injection velocities of 44 or 58 nis. There is,
however, no basis for this assunption. In fact, the
em ssion | evel of 0.045 obtained with "l ow' injection
velocities of 39 and 50 nmis nay al ready be a desired

| ow I evel, and a further reduction by selecting a
"high" injection velocity of 175 or 199 m's may be
preferred but not mandatory, as set out in colum 5,
lines 43 to 46, of the patent under appeal.

It is therefore concluded that the invention as defined
inclaiml is disclosed in the patent in a manner
sufficiently clear and conplete for it to be carried
out by a person skilled in the art. The grounds of
Article 100(b), therefore, do not prejudice the

mai nt enance of the patent according to the main
request .

The Appel | ant has dropped the objection of |ack of
novelty and the Board is satisfied that none of the
avai |l abl e docunents di scl oses a nethod as defined in
claim1. Thus, no further consideration of this issue
IS required.

In the decision under appeal docunent D1 was consi dered
as closest prior art for the assessnment of inventive
step. This docunent discusses possibilities of reducing
em ssions of nitrogen oxides for high or |low |evels of
oxygen enrichnment of the oxidant and cones to the
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concl usi on, on page 189, that at |ow |l evels of
enrichment the flame tenperature should be m nimzed by
a staged conbustion, whereas at high | evels of
enrichment the nitrogen content was the controlling

par anmeter which nust be mnimzed. This neans that the
staged conbustion is suggested for a |low | evel of
oxygen enrichnment only and that, consequently, Dl does
not teach conbining a high |evel of enrichnment, such as
t he oxygen concentration of at |east 90 vol une percent
specified in claim1 for the primary oxidant, with a
staged conbusti on wherein products of inconplete
conbustion of the fuel with primary oxidant are further
conbusted with a separately injected secondary oxidant.

Such a conbination is, however, derivable from docunent
D4 disclosing a primary conbustion of fuel with a

hi ghl y oxygen-enriched primary oxidant or even pure
oxygen ("Sauerstoffbrenner 4") within conbustion zone 5
and a secondary conbusti on downstream of that
conmbustion zone with oxygen injected through a separate
oxygen | ance 8. According to colum 1, lines 51 to 57,
of D4 the conbustion of the fuel is delayed by the
staged addition of the oxidant, thereby reducing the
conbustion tenperature and the formation of nitrogen
oxi des. Thus, the staged conbustion described in D4

al so serves the purpose of reducing the No, em ssions.
It is, therefore, evident that this docunent is a nore
suitable starting point than D1 for assessnent of

i nventive step.

In the conbustion process disclosed in D4 the reduction
of No, em ssions should be obtained solely by the

del ayed conbustion resulting fromthe staged supply of

t he oxygen required for conbustion (colum 1, lines 51
to 57), whereby the fuel is inconpletely conbusted in a
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first stage with oxygen gas at a substoichionetric
oxygen to fuel ratio of 10 to 70% and thereafter

conpl etely conbusted with a secondary oxygen stream
which is injected into the furnace so as to neet the
conmbustion products of the first stage at a

consi derabl e di stance downstream of the burner for the
first stage (colum 1, lines 37 to 50, and colum 2,
lines 9 to 14).

In addition to these known neasures, claim1l according
to the main request specifies, in step (A, a mninm
injection velocity of 15 m's for the primary fuel and
oxidant, if injected together, or of the primary fuel
if injected separately fromthe primary oxidant. As
stated in colum 4, lines 13 to 20, this injection
velocity of the fuel shall pronpote m xi ng of products
of conpl ete conmbustion with the primary fuel jet to
enabl e the conmbustion of primary fuel and oxidant to
proceed at a | ower tenperature, thus reducing the

t endency of No, to form A corresponding mxture is
specified in step (D) of claiml1l for the secondary

oxi dant for diluting the secondary oxidant stream prior
to its conmbustion with the unburned fuel (colum 4,
lines 38 to 42).

It is, therefore, evident that the clained nethod

i ncorporates, in both stages, the concept of diluting
the reactants, ie the fuel, or fuel and primry
oxidant, in the first stage and the secondary oxi dant
in the second stage, by m xture with conbustion
products prior to the conmbustion reaction as an
addi ti onal neasure, as conpared with the process of D4,
to obtain a further reduction of the nitrogen oxide
emssions. It will have to be determ ned whether this
nodi fication of the staged conbustion process descri bed
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in D4 was obvious in view of the other available prior
art.

7. The Appellant argues that a skilled person faced with
t he problem of further reducing the em ssions of
nitrogen oxides in the process of D4 will turn to D3
di scl osing the concept of reducing the flane
tenperature by diluting the fuel and the oxidant with
furnace gases before conbustion by injecting both
streans with a high velocity into the conbustion
chanber .

As set out under the heading "Detail ed Description” in
the | ast paragraph of colum 2 and in the first

par agr aph of colum 3 of D3, conditions favouring No,
formati on shall be avoided by conmbusting fuel with

oxi dant which has been diluted by m xture with furnace
gases in an oxidant m xing zone which is maintained
separate fromthe fuel reaction zone in a conbustion
chanmber having a substantially uniform conbustion zone
at nosphere outside of the oxidant m xing and fuel
reacti on zones. The fuel is reacted, within the fue
reaction zone, with the conbusti on zone atnosphere
contai ning the diluted oxidant.

Thus, the teaching of D3 cannot be reduced to the
general concept of "dilution by injection", as argued
by the Appellant, but includes, as essential elenents,
the creation of a uniformfurnace atnosphere by m xing
oxi dant and conbustion reaction products and the
conbustion of the fuel with the uniformfurnace
atnosphere in a fuel reaction zone separated fromthe
oxi dant m xi ng zone. This may easily be achieved in a
one-stage conbustion process, as in D3, wherein the
fuel undergoes substantially conplete conmbustion with

1663. D Y A
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t he furnace gases within the fuel reaction zone so that
there is no significant amount of unconbusted fuel
outside of the fuel reaction zone (see colum 5,

lines 26 to 31, of D3). It is, however, not obvious how
to incorporate this process in the staged conbustion
process disclosed in D4.

In fact, the successive conbustion of the fuel in the
staged conbustion process of D4, with an inconplete
conmbustion at a substoichionetric oxidant to fuel ratio
inthe first stage within one section of the furnace
and a conpl ete conbustion at the second stage within
anot her section of the furnace, inplies the control of
t he oxidant concentration within the furnace of D4 by
i njecting defined amobunts of the oxidant through the
burner 4 and the lance 8 into different regions of the
furnace to achieve a separation of the first stage and
the second stage, which is at variance with a uniform
furnace atnosphere as defined in D3. Mreover, the
substantially conplete conbustion of the fuel within
the fuel reaction zone of D3 woul d exclude any final
conbusti on of unburned fuel in a second conbustion
stage. Thus, the skilled person would not expect a
conbustion of the fuel with diluted oxidant in a

uni form furnace atnosphere, as disclosed in D3, to be
suitable for the staged conbustion process described in
D4 which requires a different atnosphere in two

di stinct regions of the furnace for the first and
second conbusti on stages, respectively. Consequently,
he woul d not have a reason to carry out routine tests
in order to select an injection velocity for the

oxi dant and fuel which could, as in D3, provide
sufficient m xing of the oxidant with conmbustion
reaction products within the furnace to obtain a



1663. D

- 15 - T 1029/ 01

uni form at nosphere therein (see colum 4, lines 16 to
31 of D3).

It may be true that, as argued by the Appellant, the
principle of dilution by injection is applicable to
single and multi ple stages of conbustion in general.
Thi s argument nust, however, fail because, as set out
above, D3 does not teach this general principle and the
actual process described in D3 cannot be applied to the
process disclosed in D4 without jeopardising the staged
combust i on.

Further, the Appellant argued that the injection of
stabilizing oxidant into the conmbustion zone proximte
the fuel stream as disclosed in colum 5, lines 3 to
12 of D3, could be seen as indicating a staged
conbustion. This argunment is |ikew se not convincing
because D3 expressly states that this oxidant is a
smal | anmount for the purpose of curing flane
instabilities, rather than of staging the conbustion
for reducing the em ssions of nitrogen oxides.

A pointer towards a dilution of the oxidant and fuel

W th conbustion reaction products prior to conbustion
in both stages of a staged conbustion process cannot be
derived fromthe other avail abl e docunents either
Docunment D7 corresponds to D1 in that it suggests, in
the first two paragraphs of page 6, either staged
conmbustion with a first fuel-rich stage or a

stoi chionetric conmbustion wth highly oxygen enriched
oxi dant as alternative neasures for reducing No,
formation. There is no nention of a dilution of the
oxi dant or fuel by furnace gases prior to conmbustion.
This al so applies to docunent D9 disclosing, under the
headi ng " Oxygen- Enri ched Conbustion Air Staging”, a
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staged conbustion with air as oxidant in the first
stage and an oxygen-enriched second stage for the
speci fic purpose of increasing the conbustible burnout.

10. Since the subject-matter of claim1l of the main request
is not rendered obvious by the available prior art it
is considered as involving an inventive step
(Article 56 EPC). The dependent clains define preferred
enbodi nents of the combustion nethod of claim1l and,

therefore, |ikew se neet the requirenent of inventive
st ep.
11. In summary, the grounds of opposition according to

Articles 100(b) and 100(c) EPC do not prejudice the

mai nt enance of the patent in anended formin accordance
with the main request. There is, therefore, no need to
consider the auxiliary requests.

Or der

For these reasons it is decided that:

The appeal is dism ssed.

The Regi strar: The Chai r man:

A. Counillon C T. WIson
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