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Summary of Facts and Submn ssions

The appeal contests the decision of the Opposition

Di vi sion, dated 24 April 1998 and issued in witing on
3 June 1998, to reject the opposition agai nst European
Patent No. 0 601 274. The patent relates to a hybrid
oxi dant comnbustion nmet hod and includes a single

I ndependent cl ai mwhich reads as foll ows:

"1l. A nmethod for carrying out conbustion conprising:

(A injecting fuel and first oxidant into a
conbusti on chanber which contains furnace
gases, and inconpletely conbusting the fue
with first oxidant within the conmbustion
chanber in a flane streamto produce
products of inconplete conbustion;

(B) injecting into the conbustion chanber a
stream of second oxi dant, having an oxygen
concentration which exceeds that of the
first oxidant, spaced fromthe flane stream
and at a velocity of at |east 200 feet per
second;

(O entraining furnace gases into the high
vel ocity second oxidant to produce a diluted
second oxi dant stream

(D) passing the diluted second oxi dant stream
into the flame stream such that the axis of
the diluted second oxi dant stream does not
intersect the flame streamuntil the flane
stream has passed through the conbustion
chanber a di stance such that at |east 90
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percent of the oxygen in the first oxidant
has reacted with fuel; and

(E) m xi ng the diluted second oxidant stream
with the flane stream and conbusting
products of inconplete conbustion with the
di | uted second oxi dant."

The opposition was filed against the patent inits
entirety on the grounds of Article 100(a) (novelty and
i nventive activity), 100(b) and 100(c) EPC. The
foll ow ng docunent cited in support of the grounds of
Article 100(a) EPC were considered in the decision
under appeal and in the appeal procedure:

Dl: L"Air Liquide, "Les conbustions suroxygénées dans
| "industrie", collection of leaflets published in
June 1975 (public availability not in dispute)

D7: US-A-5 076 779

D29: EP-B-0 038 257 (corresponding to US-A-4 541 796)

The Appel |l ant (Opponent) filed the notice of appeal on
18 June 1998 and paid the appeal fee on the sane day.
The statenent of the grounds of appeal was filed on

7 Cctober 1998.

In Oral proceedings held on 10 July 2001 the Appel | ant
dr opped the objections relating to the grounds of
Articles 100(b) and (c).

The Appel |l ant requested that the decision under appea
be set aside and the European patent No. 0 601 271 be
revoked.
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The Respondent (Proprietor) requested that the appea
be di sm ssed.

The essential argunments of the parties can be
summari zed as foll ows:

(a) the Appellant

A nmethod as defined in claim1l was known either
fromDl or fromD29. Figure 18 of D1 showed a
conbustion in a furnace whereby fuel and a first
oxi dant were inconpletely conbusted in a flane
stream and oxygen was injected into the flane
stream as a second oxi dant for final conbustion at
a point past the mdpoint of the furnace which

i ndi cated, according to colum 3, lines 46 to 52,
of the patent, a condition where at |east 90
percent of the oxygen in the first oxidant has
reacted with fuel. A velocity of at |east 200 fps
was a typical value for the injection of oxygen
and therefore inplicit. This velocity in

conbi nation with the spacing of the injection

| ance fromthe flane shown in the Figure entrained
furnace gases to thereby dilute the injected
oxygen before its mxture with the flame stream
Docunent D29 not only disclosed injecting fuel and
a first oxidant into a conbustion chanber which
contai ns furnace gases, and injecting into the
conbusti on chanber a stream of second oxidant at a
velocity of at |east 200 fps, as acknow edged in

t he deci si on under appeal, but also the remaining
features of claim1. In particular, the higher
oxygen concentration of the second oxi dant
injected fromnozzles (4) was derivable fromthe
possibility of using either air or oxygen as
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described in colum 10, lines 42 to 46, and a

cal cul ati on woul d denonstrate that nore than 90
percent of the oxygen in the first oxidant
injected fromthe annulus around the fuel nozzle
must have reacted at the intersection point of the
di | uted second oxidant streamw th the flane
stream

As to inventive step, Dl disclosing a conbustion
using first and second oxi dants was a suitable
starting point in the case that the second oxi dant
was considered to be mxed with the flanme stream
wi t hout any previous dilution by furnace gases.
This resulted in a high conbustion tenperature,

i ncreasing the formation of nitrogen oxides. An

i ncrease of the injection velocity al one woul d
have no effect but a solution could be found in
D29 disclosing the dilution of an oxygen-enriched
oxi dant by furnace gases, using the aspirating
effect of a high speed injection of the oxidant
spaced fromthe flane stream as a neasure for
reduci ng NQ, formation. Further, taking D29 as a
starting point, the inconplete conbustion of fuel
ina flame streamusing a first oxidant having a

| ower oxygen concentration before conpleting the
conmbustion by mxture of the flanme streamw th a
hi gh oxygen concentration oxi dant was suggested by
D1.

t he Respondent:

The conbustion process derivable from Dl was

di stinguished fromthat of claim1 of the patent

in that the oxygen was injected directly into the
flame streamto generate a hot spot, whereas the
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process of claim1l considered a dilution of this
streamw th furnace gases prior to mxing with the
flame stream by injecting the oxidant with a high
vel ocity and spaced fromthe flame stream Since,
in D29, the outlet for the first oxidant

communi cated with the outlet for the second

oxi dant, both oxidants shoul d have the sane oxygen
concentration. Further, the first oxidant was a

m nor portion serving the purpose of flane
stabilisation rather than that of conbusting the
fuel in a flame stream Taking D29 as a suitable
starting point for the assessment of inventive
step because it was al so concerned wi th reducing
nitrogen oxides, a skilled person would not take
Dl into consideration because the deliberate
generation of hot spots was inconpatible with the
ai m of reducing nitrogen oxides. D7 taught
conbusti on using several diluted oxidant jets al
havi ng the sane oxygen concentration. There was no
indication in the prior art for achieving | ow NQ
at | ower cost by the clained two-step conbustion
process including a first inconplete conbustion
with a first oxidant having a | ower oxygen
concentration and a final conmbustion with a

di | uted second oxi dant having a hi gher oxygen
concentration.

Reasons for the Deci sion

1903.D

The appeal neets the requirements of Articles 106 to
108 and Rules 1(1) and 64 EPC and is, therefore,
adm ssi bl e.

Novel ty
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Dl describes a variety of applications of oxygen in
conbustion processes. The relevant parts referred to by
the Appellant are Figure 18 and the expl anatory renarks
on page 14 preceding this Figure. The Figure shows a
conbusti on chanber wherein a bent flanme stream extends
froma burner on one end of the chanber to the opposite
heating end and partly back to the one end, and oxygen
Is injected into the flame streamthrough a | ance

| ocated close to the heating end and in the imredi ate
nei ghbour hood of the flane stream As set out on

page 14, this oxygen injection serves the purpose of

|l ocally increasing, at the heating end of the
conmbusti on chanber, the flane tenperature to generate a
hot spot, without altering the flane stream at ot her
positions. There is no disclosure of an injection of
the oxygen at a certain velocity and of an entrai nnent
of furnace gases into the oxygen jet. O course, a
negligi bl e entrai nnent of gases at the periphery of the
oxygen jet cannot be avoided if, as in Figure 18,
oxygen is injected directly into the flame stream even
at a | ow speed. However, the entrainnment specified in
claim1l of the patent nust be substantial to achieve
the clained dilution of the second oxi dant stream

whi ch requires both a high velocity of the oxygen jet
as a driving force for the entrai nnent and substantia
di stance between the flanme stream and the point of

i njection of the oxygen for the aspiration of the
furnace gases (see patent columm 3, lines 22 to 27, and
colum 4, lines 28 to 37). Neither of these conditions
is met in Figure 18 of DL. In fact, a substantia

entrai nnent of furnace gases would be inconpatible with
t he aimof producing a hot zone because it would | ower
the flanme tenperature at the hot zone, and a skilled
person will therefore assune that conditions favouring
such entrainnment, i.e. a high velocity of the oxygen
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jet and a spacing between the injection point and the
flame stream should be avoided. Thus, the injection of
the second oxi dant spaced fromthe flane stream and at
a high velocity of at |least 200 fps for entraining
furnace gases cannot be considered as inplicit to the
di scl osure of D1.

As to the point of injection of the second oxidant, the
Appel | ant argues that the injection beyond the m dpoint
of the conbustion chanber, as shown in D1, would
correspond to a point where nore than 90 percent of the
oxygen in the first oxidant has reacted with fuel. This
rel ati onship was used in the patent in colum 3,

lines 34 to 52, to express that the diluted second

oxi dant stream should conbine with the flanme stream at
a point where the flane tenperature has decreased from
the maxi num Apparently, this correl ati on between the
extension of the flanme and of the conbustion chanber
makes sense only if applied to a straight flane. In D1
the bent flame is |longer than the conbusti on chanber
and the oxygen is injected about hal fway down the flane
| ength. Having no further information in this respect,
the skilled person will be aware that, in order to

achi eve the desired effect of increasing the flane
tenperature to create a hot spot, the tenperature of
the flame at this injection point should be close to
its maxi mum Thus, the intersection of the diluted
second oxidant streamw th the flane streamat a point
where at | east 90 percent of the oxygen in the first

oxi dant has reacted with fuel is |ikew se not derivable
from DL.

D29 relates to an "oxygen aspirator burner” which is
di scl osed in Figures 3a and 3b. Oxidant is injected
t hrough nozzles (4) separately and spaced fromthe fue
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(nozzle 6) with a high velocity of 135 to 305 m's into
a furnace so that furnace gases are aspirated and
entrained into the oxidant streamin order to supply
the mass necessary for gas mxing and recircul ation,
and to act as a diluent for decreasing the flane
tenperature and the NQ, formation in an oxygen or
oxygen-enriched air system (see in particular colum 6,
lines 39 to 51, colum 7, lines 31 to 50, and colum 8,
lines 53 to 65). A snmall quantity of the oxidant is fed
fromthe main oxidant feed to an annulus (10) around
the fuel nozzle (6) to create an oxidant envel ope
around the fuel jet thereby creating a continuous flane
front and stabilising the flane (colum 9, lines 32 to
45). Hence, there is a single conmmopn oxi dant source,

Wi th the consequence that the small quantity of the
"first" oxidant injected through the annulus (10)
around the fuel nozzle has the same oxygen
concentration as the "second" oxidant injected through
the nozzles (4). It is evident fromthe text in

colum 6, line 41, that D29 is primarily concerned with
oxygen or oxygen-enriched air as common oxi dant, but
the general reference to air or oxygen in colum 10,
lines 42 to 47, suggests that an oxidant having an
oxygen concentrati on between that of air and of oxygen
may be suitable, wthout however making any distinction
bet ween the oxidant injected through the annulus (10)
and the oxidant injected through nozzles (4). Thus, the
use of two oxidants having different oxygen
concentrations cannot be derived fromthis docunent.
Furthernore, the oxidant envel ope creates a flane front
for stabilisation of the flane on the surface of the
fuel jet, rather than a flame streamas in claim1l,

whi ch is understood to define an extensive conbustion
zone as shown e.g. in D1.
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Docunent D7 di scl oses a conbusti on process whereby one
or several oxidant m xing zones and fuel reaction zones
are established. In an oxi dant m xi ng zone an oxygen-
enriched streaminjected at a high velocity is diluted
by entrai ned furnace gases. The oxidant m xi ng zones
are spaced fromthe fuel reaction zones to provide
sufficient dilution of the oxygen-enriched streans
before being m xed with the fuel in the fuel reaction
zones for conmbustion. There is no nention of different
oxygen concentration of the oxygen-enriched streans. As
in D29, a small anount of oxidant may be used for flane
stabilisation (see colum 4, lines 10 to 18), and this
oxi dant is not distinguished fromthe oxygen-enriched
streans as regards oxygen concentrati on.

In summary, none of the relevant docunents in the
proceedi ngs discloses a nethod for carrying out a
conbustion as defined in claiml1l. The subject-nmatter of
claim1 is, therefore, considered to be new

I nventive step

The Board shares the opinion expressed in the appeal ed
deci si on that D29, which corresponds to

docunment US-A-4 541 796 referred to as D3 in that
decision, is the proper starting point for assessing

i nventive step, mainly because this docunent is also
concerned with the reduction of NQ formation in a
conbustion process by diluting an oxygen-rich oxi dant
Wi th furnace gases before mxing it with the fuel for
conmbustion. In the conbustion process described in D29,
the low NQ formation is achieved by conbusting the fuel
with a diluted oxygen-enriched oxi dant, whereby the
dilution wth furnace gases reduces the conbustion
tenperature wi thout introducing nitrogen into the
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conbusti on zone.

As set out in above section 2.2, the nethod of claim1l
differs fromthis known conmbusti on process essentially
in that the fuel is inconpletely conbusted with a first
oxi dant, having a | ower oxygen concentration than the
second oxidant, in a flanme stream before m xing with
the diluted second oxidant stream for final conbustion.
Thus, the conbustion is made in two steps by first
conbusting part of the fuel with the first oxidant and
thereafter conbusting the rest of the fuel with the

di l uted second oxidant. Since the first oxidant has a

| ower oxygen concentration, the necessary anmount of the
nor e expensi ve hi gh oxygen concentration oxidant is
reduced. The inconplete conbustion in the first step
keeps NQ, formation |ow even if nitrogen is present in
the first oxidant, for exanple in the case of air as
oxi dant, because there is hardly any oxygen avail abl e
for reaction with the nitrogen. Thus, the two-step
conbustion nethod of claim1l reduces the costs of a | ow
NQ, conbusti on process.

It wll therefore have to be determ ned whet her the
prior art provides a pointer towards the solution of
the problem of reducing the costs of a | ow NQ,
conbusti on process by inconpletely conbusting the fue
usi ng | ower oxygen concentration oxidant in a first
step preceding the conbustion with diluted higher
oxygen concentration oxi dant.

The Appellant is of the opinion that such a pointer was
provi ded by D1 showi ng an i nconpl ete conbusti on of fue
in a flame streamusing a first oxidant having a | ower
oxygen concentration before injecting oxygen into the
flame stream for further conbustion. It is not disputed
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that such a conbustion process is shown in Figure 18 of
D1. However, D1 is concerned neither with a | ow NQ
conmbustion process nor with reducing costs of such a
conmbustion process. Rather, as set out above in
section 2.1, the oxygen is directly injected into the
flame streamto locally increase the flanme tenperature
to create a hot spot, for exanple for selectively
heating parts of the furnace. This tenperature increase
favours the formation of nitrogen oxides, which is
contrary to the aimof keeping NQ formation | ow at | ow
costs. The Board is therefore convinced that a skilled
person faced with the problem of reducing the costs of
a | ow NQ, conbusti on process woul d have no reason

what soever to take D1 into consideration because it is
evi dent that the conbustion process derivable from D1
does not solve this problemand woul d even worsen the
situation with regard to the nitrogen oxides.

According to a further argunent of the Appellant it was
obvious to solve, in the conbustion process shown in
Figure 18 of D1, the problem of NQ fornmation by
diluting the oxygen with entrai ned furnace gases, as

di scl osed in D29, before mxing it with the flane
stream The Board cannot follow this argunent for two
reasons. Firstly, Dl is not a proper starting point for
consi derations of inventive step because, as outlined
above, it is concerned with the different problem of

i ncreasing the heat output froma furnace. Secondly,
the dilution of the injected oxygen will, as described
in D29, colum 4, lines 31 to 43, nmake the tenperature
di stribution in the furnace nore uniformand | ower the
flame tenperature, both effects being counterproductive
and conflicting with the desired effect in Dl of
obtaining a locally increased flanme tenperature. It
woul d just nake no sense to dilute the oxygen jet of D1
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as this dilution would render the oxygen jet

i neffective for the purpose intended for in DL. As far
as this dilution is described in colum 2 of D29 as a
solution to the problens of high flanme tenperatures and
correspondi ng high NQ em ssions as well as of |ow gas
nmomentumin the furnace, this solution applies to
furnaces using oxygen as a replacenent for air as an
oxi dant (see colum 1, lines 36 to 41), rather than to
a furnace which, as in D1, uses air as the main oxidant
and injects oxygen for the particul ar purpose of
achieving a locally raised flanme tenperature.

In the conbustion process disclosed in D7 the one or
several oxygen-enriched streans all have the sane
oxygen concentration and are all arranged so that they
do not intersect a fuel reaction zone forned by
injecting a fuel streaminto the furnace. The oxygen-
enriched streans are diluted by entrai ned furnace gases
and formpart of the atnosphere within the furnace, and
the fuel is conbusted in the fuel reaction zone within
this atnosphere. It follows that the fuel is m xed and
conbusted by a single oxidant, which in this case is a
di | ut ed oxygen-enriched oxidant. Thus, this process
corresponds to D29 in that it uses a single costly
oxygen-enri ched oxi dant for conbustion, and cannot
provi de a suggestion towards the clained two-step
conbustion process using a | ower oxygen concentration
oxi dant for a first inconplete conbustion step.

In summary, the conbustion nethod of claim1 is not

obvi ous, having regard to the available prior art, to a
person skilled in the art and is, therefore, considered
to involve an inventive step

The Appel | ant has dropped the objections concerning the
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grounds of Articles 100(b) and (c) EPC and since the
Board al so sees no objection under these grounds, it is
not necessary to discuss them

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

1903.D



