
EP 0 132 135 81 Description This invention relates to methods for
optimizing sootblowing in boilers, for instance fossil fuel boilers. The
combustion of fossil fuels, for the production of steam or power, generates
a residue broadly 5 known as ash. All but a few fuels have solid residues
and, in some instances, the quantity is considerable. For continuous
operation, removal of ash is essential. In suspension firing the ash
particles are carried out of the boiler furnace by the gas stream and form
deposits on tubes in the gas passes (fouling). Under some circumstances,
the deposits may lead to corrosion of these surfaces. Some means must be
provided to remove the ash from the boiler surfaces, since ash in its
various 10 forms may seriously interfere with operation or even cause
shut-down. Furnace wall and convection-pass surfaces can be cleaned of ash
and slag while in operation by the use of sootblowers using steam or air as
a blowing medium. The sootblowing equipment directs product air through
retractable nozzles aimed at the areas where deposits accumulate. The
convection-pass surfaces in the boiler, sometimes referred to as heat
traps, are divided into distinct sections in the boiler, e.g. superheater,
reheater and economizer 75 sections. Each heat trap normally has its own
dedicated set of sootblowing equipment. Usually, only one set of
sootblowers is operated at any time, since the sootblowing operation
consumes product steam and at the same time reduces the heat transfer rate
of the heat trap being cleaned. Scheduling and sequencing of sootblowing is
usually implemented with timers. The timing schedule is developed during
initial operation and startup of the boiler. In addition to timers,
critical operating 20 parameters, such as "gas side" differential pressure,
will interrupt the timing schedule when emergency plugging or fouling
conditions are detected. The expression "gas side" used herein, means the
side of a heat trap which is in contact with exhaust gas. The sequencing,
scheduling and optimizing of the sootblowing operations can be automated by
using <>1    controls, such as shown in our published European Patent
Application No. EP-A-0 101 226, entitled 25 Sootblowing Optimization. The
scheduling is usually set by boiler cleaning experts who observe boiler
operating conditions and review fuel analyses and previous laboratory tests
of fuel fouling. The sootblower schedule control settings may be accurate
for the given operating conditions which were observed, but the combustion
process is highly variable. There are constant and seasonal changes in load
demand and gradual long term Changes 30 in burner efficiency and heat
exchange surface cleanliness after sootblowing. Fuel properties can also
vary for fuels such as bark, refuse, blast furnace gas, residue oils, waste
sludge, or blends of coals. As a result, sootblowing scheduling based on
several days of operating cycles may not result in the most economical or
effective operation of the boiler. Present practice for sootblowing
scheduling is based on the use of timers. The timing schedule is developed
during initial operation and start-up, and according to the above 35
application, can be economically optimized for constant and seasonal
changes in load demand, fuel variations, and gradual long term changes in
burner efficiency and heat exchange surface cleanliness after sootblowing.
A boiler diagnostic package which can be used for sootblowing optimization
has been proposed by T. C. Heil etal in an article entitled "Boiler Heat
Transfer Model for Operator Diagnostic Information" given at 40 the
ASMEIIEEE Power Gen. Conference in October 1981 at St. Louis, Missouri,
USA. The method depends upon estimates of gas side temperatures from
coupled energy balances, and the implementation requires extensive
recursive computations to solve a series of heat trap equations. As noted,
various approaches have been developed to optimize the use of sootblowing
equipment. One method proposed by the Babcock & Wilcox Company computes
optimum sootblowing schedules 45 using a model of boiler fouling
characteristics which is adapted on-line. An identification of the rate of
total boiler efficiency versus time ("fouling rate") is computed for
multiple groupings of sootblowers in the various heat traps, of sootblowers
using only a measure of relative boiler efficiency. Using this information,
the economic optimum cycle times for sootblower operation are predicted.
For the above scheme and others similar to it, a critical part of the
computation is the identification of so the "fouling rates". A major
problem in this identification is the interaction of the effects due to
multiple heat trap operations. Some methods have assumed these effects to
be negligible in their scheme, while other methods require a large number
of additional inputs attempting to account for these instructions. For some
combustion units with sootblowers, neglecting multiple heat trap
interactions is valid (i.e., utility boilers). However, for many units
sootblowing is a continuous procedure and a method of accounting for 5s the
interactions is necessary. This method should be implemented without adding
a large number of expensive inputs. Our above-cited published European
Patent Application No. EP-A--0 101 226, being filed on 13.07.84 and having
the priority date 14.07.83, discloses a method of optimizing a sootblowing
operation in a boiler having a plurality of heat traps lying in series
along a gas flow path, comprising: 60    calculating an optimum time
between sootblowing operations of each heat trap based on scaling
parameters and a cost factor for the sootblowing operation; obtaining a
difference value between a set time between sootblowing operations and the
optimum 



time between sootblowing operations of each heat trap and comparing the
difference value for each heat trap with a selected value which is
indicative of the desirability for initiating a sootblowing operation for
65 each heat trap; and 2    EP  0132135 BI initiating the sootblowing
operation only in the heat trap having the lowest difference value between
heat traps indicated as desirable for initiating a sootblowing operation.
By virtue of EPC Article 54(3), EP-A-0 101 226 forms part of the state of
the art as regards the present application for the purposes of novelty
only. 5     According to the invention there is provided a method of
optimizing a sootblowing operation in a boiler having a plurality of heat
traps lying in series along a gas flow path, comprising: calculating an
optimum time between sootblowing operations of each heat trap based on
scaling parameters and a cost factor for the sootblowing operation;
obtaining a difference value between a set time between sootblowing
operations and the optimum 10 time between sootblowing operations of each
heat trap and comparing the difference value for each heat trap with a
selected value which is indicative of the desirability for initiating a
sootblowing operation for each heat trap; with the difference value
equalling the selected value for only one heat trap, initiating sootblowing
in that one heat trap; and 15    with the difference value approaching the
selected value for more than one heat trap, delaying the initiation of
sootblowing in a downstream one of the heat traps to permit the difference
value to equal the selected value in an upstream one of the heat traps to
initiate sootblowing in the upstream one of the heat traps before the
initiation of sootblowing in a downstream one of the heat traps.
Embodiments of the invention can be used to improve upon the sootblowing
optimization of our 20 above-identified published European Patent
Application No. EP-A-0 101 226 by initiating sootblowing operations,
wherever possible, in an upstream one of the heat traps, so that a heat
trap which has just undergone cleansing by sootblowing is not fouled by
soot blown off an upstream heat trap when the upstream heat trap undergoes
sootblowing. The expression "boiler", as used herein, includes not only
items usually referred to as such, but also 25 other convection heat
transfer devices having a plurality of heat traps. The invention will now
be further described, by way of illustrative and non-limiting example, with
reference to the accompanying drawings, in which: Figure 1 is a graph
(linearized) showing loss of efficiency due to fouling plotted against time
and illustrating the effect of a sootblowing operation on a single heat
trap of a boiler; 30     Figure 2 is a graph (linearized) showing the
change in overall boiler efficiency plotted against time during fouling and
sootblowing operations in a single heat trap; Figure 3 is a graph
(linearized) showing boiler efficiency plotted against time for two
separate heat traps; Figure 4 is a graph (linearized) showing the overall
efficiency of the boiler of Figure 3 which includes 35 two heat traps;
Figure 5 is a graph plotting loss of efficiency against time for three heat
traps in a boiler; and Figure 6 is a block diagram illustrating how an
optimizing scheme for optimizing sootblowing can be improved in a method
embodying the invention by selecting an upstream heat trap for sootblowing
when more than one heat traps are candidates for sootblowing at the same
time. 40     A method of calculating or identifying parameters of multiple
models for the rate of loss of total boiler efficiency due to cleaning of
individual heat.traps of the boiler by a sootblowing operation will now be
described with reference to the drawings. In a boiler (not illustrated) a
plurality of heat traps are usually provided. The heat traps lie in series
with respect to a flow of combustion gases. For example, immediately above
a combustion chamber, platens 45  are provided which are followed, in the
flow direction of the combustion gases, by a secondary superheater, a
reheater, a primary superheater and an economizer. Continuing in the flow
direction, the flow gases are then processed for pollution control and
discharged from a stack or the like. Each heat trap is provided with its
own sootblowing equipment so that the heat traps can be cleaned by
sootblowing at spaced times while the boiler continues to operate. Each
sootblowing operation, however, 50  has an adverse effect on the overall
efficiency of the boiler, during the sootblowing operation proper. The
sootblowing operation, by reducing fouling, ultimately increases the
efficiency of the particular heat trap being serviced. As shown in Fig. 1,
a fouling rate model can be established which shows the loss of efficiency
over a period of time after a sootblowing operation, as the heat trap
becomes fouled. The symbol eb is the time 



55  since the sootblower last ran in a boiler having only a single heat
trap. The time 89, is the time during which the sootblowing operation takes
place. The loss of efficiency since the last sootblowing operation is a
function of time as is the change in efficiency (increase) during the
sootblowing operation. These functions for these two periods can be written
as follows: 60                                         [err] [err] where a,
and [err], are model parameters and N=a coefficient for the fouling rate
model. 65     This coefficient and the model itself can be of the type
discussed in the Heil et al article cited above. 3    EP 0132135 B1 While
these functions are illustrated as being linear, they need not be so. For a
boiler having only one heat trap, the identification of the adjustable
model variable a, is easily done. By simply measuring the change in total
boiler efficiency due to sootblowing, the model can be evaluated as shown
in Fig. 2 and in accordance with the relationship: 5 [err] [err] 10 where
AE1 is the change of overall boiler efficiency due to a sootblowing
operation and E is the overall boiler efficiency since the beginning of the
last sootblowing operation. For systems with multiple heat traps, however,
the identification of the various parameters a, for the various heat traps
in the models become difficult. One known method assumes, for a system in
which the time for sootblowing is much less than times at which no
sootblowing takes place, that the identification 15 method can be the same
as for a single heat trap. For systems in which this is not the case,
however, a more involved calculation must be used. Fig. 3  llustrates the
case where two heat traps are provided and shows the effect of boiler
efficiency due to these two traps separately. From outside the boiler
however, where the overall efficiency is 20 measured, a composite curve is
observed as illustrated in Fig. 4. The paramters a, for the ith heat trap,
in the model, can be calculated from measuring this change and overall
efficiency. The relationships for two heat traps with linear fouling models
can be written: -[err] 25                                     [err] where
[err]E2 is the change in efficiency due to sootblowing in the second heat
trap, 602 is the time for sootblowing in the second heat trap and Ob2 is
the time since the last sootblowing in the second heat trap. These various
periods of time are illustrated in Fig. 4. 30    It is noted that the
parameter a2 is negative which implies the cleaning of the second heat trap
leads to a decrease in boiler efficiency. In reality, the decrease in
boiler efficiency due to the fouling of the first heat trap offsets the
cleaning of the second heat trap. A fouling model for a boiler having three
heat traps is illustrated in Fig. 5. The above analysis can be 3 expanded
and generalized by any number of heat traps with variable model types and m
heat traps as follows: m [err] 4[err] 40
[err] fri where AE, is the change in efficiency due to sootblowing in the
ith heat trap and j is not equal to i (that is, a heat trap other than the
heat trap for which the parameters a, is being calculated) and Ti is the
time since 4 sootblowing in the jr" heat trap. For three traps therefore as
shown in Fig. 5, the equation for the first heat trap becomes: [err] 50
The method embodying the invention can be implemented using the Network 90
as a microprocessor for effecting the various required steps and
manipulations. According to our above-identified European Patent
Application Publication No. EP-A-0 101 226, a set value for the time Ob
between sootblowing operations is compared to an optimum value Op. The
optimum cycle value 8,pt is attained as a function, not only of fouling and
lost efficiency, but also a cost factor for the 55 sootblowing operation.
While the optimum cycle time cannot be calculated directly, a formula is
provided which can be utilized to determine the optimum cycle time using
conventional trial and error techniques such as Regula-Falsi or
Newton-Raphson. The formula for obtaining the optimum cycle time is as
follows: [err] 



50                          O=P In           [err] P    [err] where [err]
is the actual sootblowing time, S is the cost of steam for sootblowing and
K and P are scaling parameters, K being a function of flow rate of fluid in
the boiler and P being a function of K, and incremental 65 steam cost and
the cycle time between sootblowing operations. 4    EP 0 132 135 91
According to the above-identified published European Patent Application,
three conditions were to be -'         met before sootblowing operation in
one of a plurality of heat traps was initiated. These conditions were: (a)
no other sootblower is currently active; (b) the difference value between
set and optimum cycle time ([err]) is sufficiently low; -and 5      (c) if
condition (b) exists for more than one heat trap, the heat trap having the
lowest difference value is chosen. According to the present method, a
fourth condition is added as follows: (d) if condition (c) exists, a
sootbiowing operation for a downstream one of the heat traps is delayed
until an upstream one of the heat traps undergoes sootblowing. 10     By
observing this fourth condition, a newly-cleaned downstream heat trap is
not prematurely fouled by ash blown from an upstream heat trap. Referring
to Fig. 6, the set and optimum cycle values Ob and 6., from four heat
traps, numbered 1 to 4, are shown. Comparators 80 to 83 obtain a difference
between the optimum and set cycle times, with comparator 84 choosing the
smallest difference. is     Comparators 86 to 89. as well as low limit
detectors 90 through 97 are utilized. AND gates 98 to 101 compare Boolean
logic signals and only the AND gate with all positive inputs is activated
to operate its respective sootblowing equipment which is connected to
control elements 102 to 105 respectively. Sensing unit 110 establishes
condition (a) by sensing whether any other blower is currently active. If
no other blower is active, an ON or one signal is provided to one of the
three inputs of the AND gates 98 to 101. 20     Condition (b) is
established by low limit detectors 90 to 93 with condition (c) being
established by low limit detectors 94 to 97. In Fig. 6, the heat trap
designated 1 is considered the upstream most heat trap with the heat traps
following in sequence to the last or downstream heat trap 4. Additional low
limit detectors 106, 107 and 108 are connected to the output lines of the
first, second, 25 and third heat traps an through OR gates 111 and 112 to
transfer units 114 and 115. An additional transfer units 113 is connected
to the output of low limit detector 106. In this manner, if all but the
upstream most heat trap (1) is to have sootblowing initiated, its operation
is delayed until an upstream one of the heat traps undergoes sootblowing,
when that uppermost heat trap is sufficiently near its sootblowing time.
Thus condition (d) is established and a freshly cleaned heat trap is not
prematurely 30 fouled by ash blown off an upstream heat trap. Claims 1. A
method of optimizing a sootblowing operation in a boiler having a plurality
of heat traps lying in 35 series along a gas flow path, comprising:
calculating an optimum time (0pt) between sootblowing operations of each
heat trap based on scaling parameters and a cost factor for the sootblowing
operation; obtaining (in 80,81, 82,83) a difference value between a set
time CEbd) between sootblowing operations and the optimum time (GOpt)
between sootblowing operations of each heat trap and comparing the 4o
difference value for each heat trap with a selected value which is
indicative of the desirability for initiating a sootblowing operation for
each heat trap; with the difference value equalling the selected value for
only one heat trap, initiating sootblowing in that one heat trap; and with
the difference value approaching the selected value for more than one heat
trap, delaying (in 113, 4s 114, 115) the initiation of sootblowing in a
downstream one of the heat traps to permit the difference value to equal
the selected value in an upstream one of the heat traps to initiate
sootblowing in the upstream one of the heat traps before the initiation of
sootblowing in a downstream one of the heat traps. 2. A method according to
claim 1, including initiating sootblowing in a heat trap only when
sootblowing is not taking place in any other heat trap. 50 Patentanspruche
1. Verfahren zum Optimieren eines Ru~blasvorganges in einem Kessel mit
einer Mehrzahl von Heizstufen, welche in Reihe entlang eines
Gasstromungsweges liegen, mit: 55     Berechnung einer optimalen Zeit fops)
zwischen Rauchblasvorgangen jeder Heizstufe auf Grundlage 



von Skalierungsparametern und einem Kostenfaktor fOr den Rauchblasvorgang;
Erhalten (in 80, 81, 82, 83) eines Unterschiedswertes zwischen einer
gesetzten Zeit (Obi) zwischen den Ruablasvorgangen und der optimalen Zeit
(60,) zwischen den Rufblasvorgingen jeder Heizstufe und Vergleichen des
Unterschiedesbetrages fMr jede Heizstufe mit einem ausgewahIten Wert, der
eine Anzeige 60 dafur ist, in welchem MaBe das Auslosen eines
Rul3blasvorganges fur jede Heizstufe wunschenswert ist; Auslosen des
RuBblasvorganges in einer Heizstufe, wenn der Differenzbetrag fur nur eine
Heizstufe gleich dem ausgewahiten Wert ist, und, wenn der
Unterschiedsbetrag sich fMr mehr als eine Heizstufe dem ausgewahIten Wert
annahert, Verzdgern (in 113, 114, 115) des Auslosens des Rulblasens in
einer der stromabwirts gelegenen 65  heizstufen, um zu ermoglichen, daB der
Unterschiedsbetrag dem  ausgewahiten Wert in einer der 5    EP 0132135 BI
According to the above-identified published European Patent Application,
three conditions were to be met before sootblowing operation in one of a
plurality of heat traps was initiated. These conditions were: (a) no other
sootblower is currently active; (b) the difference value between set and
optimum cycle time (Gb-e.'j) is sufficiently low; and 5     (c) if
condition (bM exists for more than one heat trap, the heat trap having the
lowest difference value is chosen. According to the present method, a
fourth condition is added as follows: (d) if condition (c) exists, a
sootblowing operation for a downstream one of the heat traps is delayed
until an upstream one of the heat traps undergoes sootblowing. 10     By
observing this fourth condition, a newly-cleaned downstream heat trap is
not prematurely fouled by ash blown from an upstream heat trap. Referring
to Fig. 6, the set and optimum cycle values Ob and 8S,, from four heat
traps, numbered 1 to 4, are shown. Comparators 80 to 83 obtain a difference
between the optimum and set cycle times, with comparator 84 choosing the
smallest difference. 75     Comparators 86 to 89 as well as low limit
detectors 90 through 97 are utilized. AND gates 98 to 101 compare Boolean
logic signals and only the AND gate with all positive inputs is activated
to operate its respective sootblowing equipment which is connected to
control elements 102 to 105 respectively. Sensing unit 110 establishes
condition (a) by sensing whether any other blower is currently active. If
no other blower is active, an ON or one signal is provided to one of the
three inputs of the AND gates 98 to 101. 20     Condition (bM is
established by low limit detectors 90 to 93 with condition (c) being
established by low limit detectors 94 to 97. In Fig. 6, the heat trap
designated 1 is considered the upstream most heat trap with the heat traps
following in sequence to the last or downstream heat trap 4. Additional low
limit detectors 106, 107 and 108 are connected to the output lines of the
first, second, 25 and third heat traps an through OR gates 111 and 112 to
transfer units 114 and 115. An additional transfer units 113 is connected
to the output of low limit detector 106. In this manner, if all but the
upstream most heat trap (1) is to have sootblowing initiated, its operation
is delayed until an upstream one of the heat traps undergoes sootblowing,
when that uppermost heat trap is sufficiently near its sootblowing time.
Thus condition (d) is established and a freshly cleaned heat trap is not
prematurely 30 fouled by ash blown off an upstream heat trap. Claims 1. A
method of optimizing a sootblowing operation in a boiler having a plurality
of heat traps lying in 35 series along a gas flow path, comprising:
calculating an optimum time (0OOPi between sootblowing operations of each
heat trap based on scaling parameters and a cost factor for the sootblowing
operation; obtaining (in 80,81,82,83) a difference value between a set time
(Obi) between sootblowing operations and the optimum time (0,.,) between
sootblowing operations of each heat trap and comparing the 40 difference
value for each heat trap with a selected value which is indicative of the
desirability for initiating a sootblowing operation for each heat trap;
with the difference value equalling the selected value for only one heat
trap, initiating sootblowing in that one heat trap; and with the difference
value approaching the selected value for more than one heat trap, delaying
(in 113, 45 114, 115) the initiation of sootblowing in a downstream one of
the heat traps to permit the difference value to equal the selected value
in an upstream one of the heat traps to initiate sootblowing in the
upstream one of the heat traps before the initiation of sootblowing in a
downstream one of the heat traps. 2. A method according to claim 1,
including initiating sootblowing in a heat trap only when sootblowing is
not taking place in any other heat trap. 



50 Patentanspruche 1. Verfahren zum Optimieren eines RuBblasvorganges in
einem Kessel mit einer Mehrzahl von Heizstufen, welche in Reihe entlang
eines Gasstromungsweges liegen, mit: 55     Berechnung einer optimalen Zeit
(E0.,) zwischen Rauchblasvorgangen jeder Heizstufe auf Grundlage von
Skalierungsparametern und einem Kostenfaktor fur den Rauchblasvorgang;
Erhalten (in 80, 81, 82, 83) eines Unterschiedswertes zwischen einer
gesetzten Zeit (MbO zwischen den Ruilblasvorgdngen und der optimalen Zeit
(e,6,) zwischen den RulEblasvorgdngen jeder Heizstufe und Vergleichen des
Unterschiedesbetrages fur jede Heizstufe mit einem ausgewihIten Wert, der
eine Anzeige 60 dafur ist, in welchem Male das Ausldsen eines
Rugblasvorganges fur jede Heizstufe wunschenswert ist; Auslosen des
Rufgblasvorganges in einer Heizstufe, wenn der Differenzbetrag fur nur eine
Heizstufe gleich dem ausgewihlten Wert ist, und, wenn der
Unterschiedsbetrag sich fur mehr als eine Heizstufe dem ausgewihIten Wert
anndhert, Verz6gern (in 113, 114, 115) des Auslosens des RuBblasens in
einer der stromabwirts gelegenen 65 heizstufen, um zu ermdglichen, daB der
Unterschiedsbetrag dem ausgewihlten Wert in einer der 5    EP 0132135 B1 _e
stromaufwArts gelegenen Heizstufen gleich wird, um das RuBblasen in einer
der stromaufwarts gelegenen Heizstufen auszul6sen, bevor das RuBblasen in
einer der stromabwarts gelegenen Heizstufen ausgelost wird. 2. Verfahren
nach Anspruch 1, einschlieBlich des Auslosens des RuBblasens in einer
Heizstufe nur 5 dann, wenn das RuBblasen in keiner anderen Heizstufe
stattfindet. Revendications 1. Procede d'optimalisation d'une operation de
soufflage de suie dans une chaudiere comportant une 10 pluralite multitude
de passages de chauffage se trouvant en serie le long d'un chemin de d6bit
de gaz, comprenant: to calcul d'un temps optimal (8Ot) entre des operations
de soufflage de suie de chaque passage de chauffage base sur des parametres
d'encrassement et un facteur de coOt pour l'operation de soufflage de suie;
15    l'obtention (en 80, 81, 82, 83) d'une valeur de difference entre un
temps de consigne (Obl) entre des operations de soufflage de suie et un
temps optimal (@Opt) entre des operations de soufflage de suie de chaque
passage de chauffage et la comparaison de la valeur de difference pour
chaque passage de chauffage avec une valeur s6lectionnee qui est indicative
de l'interet d'initier l'op6ration de soufflage de suie pour chaque passage
de chauffage; 20     Si la valeur de difference egale la valeur
selectionn6e pour un soul passage de chauffage, initier Is soufflage de
suie dans ce passage de chauffage, et Si la valour de diff6rence avoisine
la valeur s6lectionn6e pour plus d'un soul passage de chuaffage, retarder
(en 113, 114, 115) I'initiation du soufflage de suie dans un passage de
chauffage en aval des passages de chauffage afin de permettre que la valour
de difference soit egale 3 la valeur selectionnee dans 25 un passage de
chauffage en amont des passages de chauffage afin d'initier un soufflage de
suie dans le passage de chauffage en amont des passages de chauffage avant
l'initiation du soufflage de suie dans un passage de chauffage en aval des
passages de chauffage. 2. Proc6de selon la revendication 1, comprenant
l'initiation du soufflage de suie dans un passage de chauffage seulement
lorsque un soufflage de suie n'a pas lieu dans un autre passage de
chauffage. 30 35 40 45 50 55 60 65 6    


