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ABSTRACT

Kraft black liquor recovery boilers
provide three critical functions in the
pJlp anrd paper m1ll operataon: (1)
recovery of pulping chemicals, (2)
disposal of waste from the pulping
process, (3) production of steam for
electrical power generation and process
use. These functions are cratical to the
economics of the Kraft pulping process.
Because of the highly 1integrated and
interactive nature of Xraft pulping and
recovery operations, minor variations 1in
parts of tlte process can be propagated 1in
and amplified throughout the mill.
Conseguently, favorable economics can be
quickly changed to unfavorable economics
by ineffective process control.

The relatilonship of black liguor flow,
temperature, percent solids anc viscosity
must be considered for achieving the
approprlate droplet size for effective
liguor spraying and bed formation. It ais
important to provide a black liquor solids
rate control and proper fuel/air ratio and
air flow distribution on a consumed air
pasis trimmed from a combination of oxygen
(0,) and carbon monoxide (CO). Thas will
opgxmlze the products of combustion and
st1l]l achieve optimum smelt reduction.

This paper 1llustrates some of the unique
features of controlling the recovery
boi1ler with microprocessor based
distributed cuntivl syste s. Cur tivl
systems are configured to compensate for
variations 1n black liguor solids and air
flow properties, simplify operator control
of tre recovery boiler, and improve 1its
operational safety.

KEYWORDS

Recovery Boiler, Control System,
Combustion Contrel, Instrumentation,
Optimization, Safety, Microprocessor
Control, Statistical Process Contiol,
Sootblowing.

RECOVERY BOILER OPERATION

The Kraft pulping process 1involves the
cooking of wood chips to make pulp 1in
either continuous or batch digesters using
caustic white liguor and steam. After the
cooking cycle 1s completed, the cooked
pulp and resulting weak black liguor are
discharged to a blow tank. From there 1t

1s fed at a continuous rate to the brown
stoc¥ waster Weak black liguor 15 wasled
and separated from the cellulose fiber 1n
the brown stock wasting operation, The
collected weak black liquor (12 18%
solids) 15 concentrated in a stear heated
multy effect evaporator to 50 55% solids.

Pulp mills use either of two designs to
further concentrcte the black liquor prior
to burning 1n a recovery boiler. One
design uses a direct contact evaporatox
(DCE)} as a part of the recovery unit,
However, this generally produces odorous
gas emission OFf total reduced sulfur
cempoands (TRS). To bhelp redace these
enissions with existing DCE, mills oxidize
the black liquor prior ¢o the multi effect
evaporator. The other design 1s &
separate black liquor concentrater where
the liquor does not come 1n contact with
the hot flue gas. This 1s related to the
low odor recovery boiller design Wwith an
enlarged flue gas heat trap such as an
extended feedwater economizer, It 1s much
more efficient to evaporate water 1n a
separate concentrator than in a recovery
boi1ler direct contact evaporator.

The concentrated heavy black liquor 1is
then sent to the recovery boiler as fuel.
Heavy black liguor (64 67% solids) ais
heated for viscosity and droplet size
control and sprayed into the recovery
boiler. Black liguor has to be
concentrated to above 68% solids before it
will burn without supplemental fuel.
Black liquor enters the boiler using a
spray suspension drying technique or wall
drying technique depending on the recovery
boiler manufacture.

Under norral operation, the heat involved
1n evaporating the remaining moisture from
the liquor in the furnace 1s reported as
being 8 18% of the furnace heat release,
One of the reasons to go to higher percent
»ul1ds 1n to reduce this liguor driyiny
heat sink. The degree of drying of the
liguor solids before reaching the bed has
an effect on bed temperature and on the
tendency towards affecting blackouts.

As the liguor droplets fall through the
furnace, pyrolysis of the black liquor
takes place producing sulfur gases and
char. Pyrolysis 1s affected by heat rate,
liguor composition and temperature.

Some of the liquor solids burn in the hot
combustion gas suspension, but most of the
solids burning takes place in a layer of
char on the top of the smelt bed at the
floor of the recovery furnace. Good black
liguor combustion requires the proper
blend of time, temperature and tutbulence.

In the past, Combustion Engineering
Recovery Boilers with suspension liquor
drying used two air levels which were
referred to as the primary and secondary
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alr zones. Primary ait enters the furnace
through ports on all four sides near the
smelt bed to support combustion of the
liquor solids. Primary air is 55-65% of
the total air required for combustion of
the liquor solids. This creates a
chemically reducing atmosphere for
converting sodium sulfate in the black
liquor to sodium sulfide. Secondary air
1s added tangentially in the upper regions
of the furnace to provide turbulent mixing
and completion of burning. The new
designs of large CE recovery boilers
1ncludes three air levels.

Babcock and Wilcox Recovery Boaileis with
liquor wall drying uses three air levels
referred to as primary, secondary, and
tertiary air zones. Primary air enters
the furnace thru ports on all four sides
near the smelt bed to support combustion
of the liquor solids. Pramary alr 1s
45 55% of the air required for total
combustion of the liquor solids creat:ing a
chemically reducing atmosphere. Secondary
air (2P 35%) 1s used to trim the top of
the char bed and provide more precise
control of the drying and pyrolysis of the
black laiquor. Tertiary air (15 30%) 1s
added to the upper regions of the furnace
to provide turbulent mixlng and completion
ot purning.

In recent years, all of the recovery
boiler manufactures (B&W, CE, and the
scandinavian suppllers) have gone to three
air levels on the newer largsr recovery
boilers. The new large recovery boilers
are being designed with dedicated
indavidual forced draft fans for each
level. Air flow from each fan can be
controlled by either fan speed or fan
inlet vane adjustment to achieve the
required air pressure for penetration at
each level. It 1s becoming mor-e important
to balance the air and black liguor so
they are distributed symmetrically.

New Recovery bollers are also being
designed for higher solids firing. Thas
usually 1s associated with stationary
firing. Recovery boiler and evaporator
manufacturers are promotlng evaporation
and firing black liquor at up to 80%
s0l1ds. It 1s claimed that higbh black
liquor solids firing will result 1in the
following:

Improved production

Greater efficiency

Higher steam production
Higher availabalaity
Reduced emissions with less
sootblowing

However, high black liguor solids firing
also presents new challenges to the
operator and the recovery boiler control
system. The load range 1s more limited
ané loss of liguor solids could lead to
furnace black outs.

BUILDING TODAY'S RECOVERY BOILER CONTROL
SYSTEM

In the 19780's, recovery boiler computer
control was thought of strictly on a
main-frame digital computer basis. In
today's world of instrumentation, the
microprocessor has taken on more of the
activit.=s previously reserved for larger
electronic process computers. The power
of modern microprocessors has permitted
powerful functions to be available an
distributed microprocessor control system
(DCS) which were unthought of a few years
back.

Recovery boiler control automation has
been successfully implemented 1in
microprocessor based distributed control.
Microprocessor based control
instrumentation with time shared displays
on a CRT based operator Console
considerably reduces panel space as well
as 1mproving operational capabilitaies.
New recovery boiler 1installations are
utilizing DCS5 systems. Process control
manufacturing companies that possess many
years of experience in product and system
design, recovery boiler process knowledge
and application expertise have used
microprocessor technology to overcome
recovery boller control problems that at
one time almost impossible to solve.

Many older recovery boilers are faced with
changing operational requirements.
Existlng recovery boilers implemented with
either pneumatic or electronic
instrumentation are considecring
retrofiting with DCS such as NETWORK 399 *,
1llustrated on Figure 1. This fagure
11lustrates how the entire recovery cycle
can be implemented on the DCS data
highway.
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*NETWORK 9@ 1e a Registered rTrademark of
the Babcock & Wilcox Company.
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Aher con/erting Lo m1 1 Erocessar control,
one should avold a complete duplicate of
he existing 1irstrumentation on 2 single
slement 1 oop tu loop basi1s.
Microprocessor systems have great control
potentials, and thus users can naw be
Creative 1n hils recovery boller control
design. The control system designer has a
large quantit; of measurements avallable
as a data base, and these measurements can
pe effectively used to create a
noninteractive control system design.
There can be increased integration between
the motor control digital logic and
regulatory controls, New group startups
and shut downs can also be integrated 1into
the —lcroprocessor control syster.

safety 1s still of highest importance on
recovery boilers. Control design features
must take 1into account the safety
limitations and physical limitations of
the recosery boiler and 1its auvxiliary
equipment. Distributed contrcl system
tectnology facilitates building 1in a
higher degree of safety featiLres than
possible with pneumatic and electronic
analog control.

The recovery boiler operates best at
steady state conditions. However, with
the skillful use of ramping, velocity
limiters, cimers, and adaptive tuniry
within the microprocessor configurataon
library, the recovery boiler can be
desijned to take programmed ramp loads 1n

/™ well balanced manner. A DCS3 control

,ystem allows the step by-step
implementation of higler level cantrol and
optimization strategles whiuh previously
could not have been considered. This
paper provides several examples of high
level recovery boiler control strategies.

OPERATOR INTERFACE

Presentation of data to the recovery
boiler operator has always been & concern
to instrumentation vendors and the mitl
operating department. The displays must
be designed so that tley wi1ll be
acceptaple to the operator anc provide
neaningful information that can be quickly
understood.

The early generation DCS conscles offered
panel board mimic displays 1n group/page
formats. The display elements typlcally
1ncluded.

° Controller faceplates
. Motor start/stop faceplates
. Trend dasplays

These units displayed a limited number of
control points on one page.

In recent years, CRT based operator
consoles have advanced tremendously,

/..\offerxng the following features.

High resolution dynamic qraphics
Flexible display architecture
Alarm management features
Information processing and
archival

Fegport generation

Touch screen, soft ke,s,
pointing devices, etc.

[ ] Disglay zooming, windowing, etc,
[} Database managers

The ctallenge 15 to use this capability
properly to provide a Man/Machine
interface which 1s efficient and uset
friendly during all facets of operation.

CRT VIDEO GRAPHIZS

The functilons 1mplemented fiom the
CRT video display 1include the basic
operational capability performed by
conventional panelboard 1lnstrurentation
such as Manual/Automatic setpoint
operation, alarm acknowledgement, process
variable indicatlon 1n englneering units
and trend graphics.

CRT video graphics enlarge the "Operator’'s
Window" into the recovery boller operation
by re emphasizing operator process
understanding. Such 1tems as recovery
boiler control overviews, sootblowing,
rotor control, auxillary burrer ranagerept
and other special group graphic displays
provide the operator wilith a better
Understanding and identification of what
the process 1318 doing and what he 1s
controlling.

Custom CRT graphics can display live
process data 1in a number of forrmats. The
operator can take control action directly
from the custom graphic display. The
following formats are available for
dynamic elements:

. Nuneric readout with alarm status

[ Logic status readout with alarm
status

L] Selecticn of symbol shape and/or
color besed on process data

. Dynamic bars which represent the
value of a real tag by their height

[ Pipe systems with color depending

upon Boolean State or reel range

In all, microprocessor CRT graphic displays
Fave evolved in a short time to become a
powerful, flexible tool to promote operator
usability and process control efficiency.

Typical dynamic graphac displays for
CRT video console operation of the recovery
voiler are shown on Figures 2 and 3. The
main overview graphic for the recovery
pboiler 15 shown on Figure 2. A detailed
control graphic display of the black l:iquor
firing is on Figure 3. It provides the
operator with specifac information and
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cortrcl capabilities for start .p, normal
operating conditions and responding to

(‘-nbnormal situations.

CONVENTIONAL CONTROL STRATEGY

The first recovery boiler control strategy
consisted of operators settaing the black
liguor flow and manually adjusting the air
flow to keep a bright orange color in the
primary zone. To avoid "blackouts", the
operator had a tendency of carrylng excess
primary air flow. This resulted in heavy
fume dust carryover to the superheaters and
boiler tube banks with 1increasing fouling
whicl reyuired rore fregue-t sootblowing.
It also resulted in lower smelt reduction.
The flue gas temperature was high because of
high excess air which reduces the amount of
steam generation. Newer control strategles
attempt to limit excess prainmary air for the
reason stated above. The best guide for
controlling excess air 1s with the use of an
oxygen controller.

The conventional control strategy for a
recovery boiler with three air levels
involves s1ingle element pressure,
temperature, level and flow controllers.
some mills have added control for the ratio
of primary and/or secondary air flow{s) to
plack liquor feedrate. The conventivnal
control strategy can provide stable stean
generation and chemical recovery only af the
black liquor solids content, compdsition and
ate as well as combustion air temperature,

ressure and humidity remain stable for
extended periods of time. Because of the
highly 1interactive nature of the various
elements i1n the pulping and recovery
process, this stability 1s an extremely rare
circumstance.

ADVANCED FUEL/AIR RATIO CONTROL STRATEGY FOR
BLACK LIQUOR RECOVERY BOILERS

With conventional control, the operator must
make many trim adjustments regarding tne
combustion control of the black liquor
firing such as:

o Set the proper liguor heater
temperature.

[} Adjust the load by changing the

black liguor flow set point.

Set the fuel/ air ratio.

Set the air distrabuticn by

adjusting the dampers on

each level.

] Adjust velocity dampers in the
secondary and tertiary air
ports to modify air flow
penetration.

] Investigate the probable cause for
fouled liquor nozzles
. Check the primary air ports and

rod 1f necessary.

An antomatic primery air port rodding system
helps to assure that primary air ports are
not fouled, thus removing another variable
1n recovery boiler operation.

Advanced fuel/air ratio control strategiles
assist the operator in obtaining stable
recovery boiler operation. Many of the
conventional adjustments the operator
manually sets can now be automatically
trimmed from analyzers tied into the
microprocessor control system. This 1s
particularly true of refractometers, oxygen
and combustibles analyzers. Other feedback
guidelines comes {rom 50, and TRS analyzers.

Video smelt bed 1iragirg systems also provide
extremely useful feedback guidelines for
operator analysis of the burning conditions.

Thermal mapping of the recovery boiler gas
temperature above the tertiary level and at
the superheater 1nlet level using acoustic
temperature detection devices (Pyrosonic
2888 *) also provides useful information for
the operator to balance the air and
combustion gases so they are daistributed
symmetrically.

The following 1s a list of advanced control
strategies associated with Network 9P
microprocessor advanced control system for
recovery boilers. Advarced cortrol easily
integrates 1into existing recovery boiler
base regulatory controls:

Black liquor droplet size control.
Stabilize and control the black
liguor solids feedrate.

[ Total air control based on the
black liqguor solids feedrate.

[ Ratio trim of total air to black
liquor solids to minimize excess
oxygen.

L) Ratio contrel of praimary air to
black liquor solids to stabilize
the recovery bed with trim from CO.

] Secondary air/pramary air ratio
control.

. Computation of combustion
performance 1index
(LBS Steam/LB Liquor Solids).

[ ] Automatic compensation of total and
primary air for auxiliary fuel
firing.

[ Automatic bed blackout prediction.

The general philosophy of the recovery
boiler advanced control strategy for black
liquor firing 1s 1llustrated 1in Figure 4.
Heavy black liqud>r must be conditioned to
achieve proper droplet size by heating 1n a
direct or aindirect laine heater and adjust
the flow to achieve the desired black liquor

*Pyrosonic 2808 1s a Registered Trademark of
the Babcock & Wilcox Company.



T

R

solids production rate target. Two
regulatory loops of line heater temperature
and black liquor flow control ars supervised
by the advanced loop of droplet gsize
contrcl, black liquor solids rate firing
control and Liguor Combustion Performance
Index (LCPI).

DROPLET SIZE CONTROL

Black liquor must be conditioned to achieve
proper droplet size control and spray
pattern. Proper droplet size provides
effective liquor spraying, bed formation and
minimizes particulate carry over.

Droplet size 1s based upon a telationship
between liquor flow, pressure, temperature,
solids control, viscosity, liguor
composition and organic/inorganic ratic and
spray nozzle characteristics, The
approprlate conbination of thege
characteristics are used 1in an advanced
control strategy to provide a cascade
temrerature set point for tte dairect cr
indirect black liguor line heaters.

The key t¢ stabilizing tlte furnace and char
bed for the best chemical smelt reduction 1s
to contral the bed height. Black liguor
terperature must be controlled very
accurately. Increasing this black liquor
temperature set point resul:s in more
moisture flashing as the black liguor falls
to the bed 1increasing the rate of burning.
Lowering the black liquor temperature set
polnt increases the residual moisture. This
cools the char bed and slows the rate of
burning.

BELACK LIQUOR SOLIDS RATE FIRING CONTFOLS

It 1s particularly important to maintain a
constant heat release for stable recovery
boiler steam generation and a constant
ctemical reccser, rate for stable greer
liquor production. Black Liquor can change
ir Bt. ccntert, chemical content,
organic/inoryanic ratio, percent sclids ard
viscosity. Proper black liquor solids
content control starts witt the nultiple
effect evapcratars where the exiting black
liquor so0lide content should be held a-
unifcrm and as high as possible.

Tie advanced strategy utilizes an on line
refractureter sensor for measuring black
liguor solids concentration. A stable
massrate of blacn liquor sclias to tre
recovery boiler 15 Caelculated and
established. Black liquur to tnie recover,
toiler 1s controlled automatically fros
liquor solids target contrel.

LILUOF CUMBUSTION PERFORMANCE INDEX (LCPI)

An advanced black liguor cortroller
continucusly calculates a liguor combustion
perforrance index (LCPI, pounds of steam per
pound of black liquor sovlids). The
calculaticr takes boller steem flow and

divides 1t by the liguor solids firing rate.
Any steanm generated by auxiliar, firing s
suktracted fronm the total steam flow before
tte LCPT 1s calculated. Tre LCPI can be
logged to docurent the performance of the
recovery boller as a steam generator and
quantify improvcments over previous recuvery
boiler control strategies.

The LCPI can also be trended as a continuous
indicator of recovery boiler performance.
An abrupt decreasc in the LCPI can be used
as an early warning of 1imperding bed
blackout. The advaniced contrcls monitor the
LCPI for an abrupt, significant decrease 1in
the LCPI and sutoratically takes control
action to reduce the potertial of an actual
bed blachout. The conttol actaion genwrally
utilized for avosiding bed blackout 1is to
provide a positive bias to 1n.rease the
temperature setpoint for the plack liguor
line heater temperature controller and tc
prevent the ox,3°n controller from reducing
the TA,BLS ratio.

TOTAL AIR FLOW ‘BLACK LICUGF RATIO

Variation 1in black liquor quality 1s tre
main disturbance to be tandled in tlte TA/BLS
ratio control. Eince the BTU content of the
black liguor cannot easily be measured
on line. uniform control of the black liguor
dry solids flow rate 15 used to stabilize
the combustion process.

The required air flows are a functicn of tre
solids content of the black liquor, as well
as tle black liquor firing rate. Further,
the composition of the black liquer solids
varies witt the species of wood digested
Thrse compositlon variations have a
significant effect on the stoichiometric air
requirements for each puund of black liquor
solids (dry basis) fired, and are the major
disturbances which nust be compensated for a
stabilize operation of the recovery boiler.

It is 1mportart to provide a proper tctal
air to black liquor solids rataic (TA/BLS)
and air flow dis.ribution i¢n a consumed alr
basis, trinmmed frum a continaticn of oxygen
(G5} and carbon monuxide (CO). Thig will
ortinize the products of combustion and
st11l achisse oprtinun smelt reduction.
TA/BLS ratio optim:ization 1s aclieved by
reducing tte excess air levels to at low as
foss1ble within tle constraints of the
process and boiler. This reduces tte loss
of sensicle heat from tre exiting flue gases
whicl 15 tle pajor cumponent uf energy
los-es associatec with a ctombusticn process
Tc 1psure adegquate turkulence, tre excess
OXygen target is programmed as a functisn of
firing rate to allow Figler ocayge=
concentrations at lower firing rates.

If the flue gas CO concentration is guite
higt, the TA,BLS ratio 1s riased slightly
until the CO concentration 1s within range
for tre €O controller adjustnent of the
prinary air to black liguor solids rativ
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(PA/BLS). The total air volumetric flow 1is
compensated for temperature variations 1in
the calculation of the total air mass rate.

AIR FLOW DISTRIBUTION

Effective chemical recovery and effective
stean production depends on proper control
of the three levels of air flows. I1f toc
much secondary and/or tertiary air 1s used
for @ specific black laguor firing rate, the
excess alr acts as a heat sink and carries
heat out the recovery boiler stack, rather
than produce steam. If too much pramary air
1s used for the black liquor firing rate,
the sulfide reduction reaction in the smelt
bed will be inhibited and recovery of the
pulping chemicals will not be maximized.

The proper distribution of total air among
the three aar levels 1s required to control
the various zones and achieve thé proper
excess air. The air flow split between
Pranary, Secondary and Tertiary 1s based on
a predetermined program.

The general philosophy of the recovery
boiler advanced control strategy for black
liquor air flow distrabution 1s 1llustrated
in Figure 5. Primary alr enters at low
velocity from all four sides of the recovery
boiler. The air stream trims the periphery
of the bed and contributes toc the reducing
atmosphere reaction and heat release. Thas
increases the temperature above the bed
without increasing oxygen level. Higher
char bed temperature results from an
1ncrease 1n pramary air and increases the
smelt flow. Primary air adjustmeats changes
the rate of char bed consumption upsetting
the furnace balance.

Pramary air flow controller 1s supervised by
the praimary air to black liqudr solads
(PA/BLS) ratio control. The PA/BLS ratio 1s
controlled to compensate (feedforward) for
recovery boiler load variations. Thls ratio
1s automatically adjusted (within limits) to
maintaln A set concentratian of CO 1n the
recovery furnace flue gas. The measured
primary air volumetric flow 1s compensated
for temperature during calculation of the
primary air mass rate.

The secondary air flow controller supervised
by the secondary air to primary air (SA/PA)
ratio control. Secondary air reacts with
gases emitted by the bed and pyrolyzes the
liguor after drying. It increases the
temperature above the bed without increasing
oxygen level. Secondary air provides high
reduction efficiency and excellent control
of bed height.

The tertiary air flow controller 1s
supervised by the TA/BLS ratio control.
This 15 the balance of the total air demand
used to set the tertiary air flow set point.
Tert+ary air 1s admitted above the lagquor
nozzle. It 1s designed to provide maximum
turbulence for completion of combustion

burning and reduces odorous emisslons., It
1s necessary or large units where air
streams must penetrate a wide furnace
cross section. This furnace volume above
the liquor nozzles 1s the oxaidation zone for
completion of burning. The oxidat.on zone
requires air flow to create turbulence as a
function of ai1r velocity (wind box
pressure).

COMPENSATION FOR AUXILIARY FIRING

Advanced controls continuously monitor the
auxiliary fairing fuel flow and provide a
feedforward adjustment of both the TA/BLS
ratio and the PA/3LS ratio to compensate for
changes. This adjustment 1s based on the
stoichiometric combustion alr reguirements
for the auxiliary fuel. The flue gas oxygen
and carbon monoxide trim controllers provide
any additional adjustment necessary in these
ratios to stabilize chemical recovery and
minimize heat losses,

SOOTBLOWING OP1IMIZATION

In most overloaded ex1sting recovery
boilers, boiler cleaning 1s accomplished by
continuously cycling through tle sootblower
sequence. Sootblowers are activated, one at
a time, 1n a specific sequence until the
entire boiler 1s clean. Once the sequence
was completed. 1t was immediately restarted
This strategy maximized recovery boiler heat
transfer, but the steam consumption by the
scotblowers can amount to 1@ 15 percent of
recovery boiler steam capacity.

Sootblower optimization provides closed loop
control of sootblower cycling and durataion
to optimally manage sootblower steam
consumption and recovery boiler efficiency.
It reduces sootblower steam consumption
without increasing water wash frequency.
The operator 1s provided an alarm when a
recovery boiler water wasl 1s requared.

A multifunction controller with BASIC
capabilaity 1s .sed as the primary elerment
for sootblowing optimization, fouling rate
model, relative frequency of blowing, the
sootblower group scheduler and the sequence
generator.

The system maximizes boiler operating
efficiency by cleaning the proper heat trap
at the proper time. Flue gas exit
temperature, delta pressure drops across
sections of the boiler and boiler load
conditions are key inputs for the system.
Sootblower sequencing using NETWORK 90 1s
furnished to consolidate all recovery boiler
operations into a single system, eliminating
reliance on a separate or existing sol:d
state panel.

RECOVERY BOILER OPERATOR TRAINING SIMULATOR
A black liquor recovery boiler NETWORK 9@

microprocessor-based simulator 1s available
for operator training and maintenance



trainang., The simulator has an operators
CRT interface console and can interface with
gimilar microprocessor controllers used in
the control of the actual process. The CRT
operator console can be configured with
similar tags, trends, staticns., control
displays and graphic displays to that of the
actual recovery boiler process.

The similaraity of this training simulator to
the actual recovery unit helps the operator
easily identify the new MiCYOPIOCessor
control with the process.

The sinulator 1s preferably delivered to the
job site several months before the main
process startup. This enables the operator
to train and become famillar with the
control of the recovery boiler from the CRT
MiCLOpProcessor console.

STATISTICAL PROCESS CONTROL FUNCTION

Increased resource costs and global
competition have fostered the spread of the
computerized statistical Quality Control
(SQC) procedures from discrete manufacturing
operations to continuous processing
operations. Advances 1n microprocessor
technology have substantially increased the
capabilaity of di1gital process control
gystems to the point that SQC techniques can
now be used on-line 1n support of current
operations.

T he distraibuted NETWORK 90
microprocesaor—based controllers provide
cost effective implementation of on-line
Statistical Process Control {spC) forx
critical process parameters. Control Charts
of key process varlables are generated
automatically and on-line with today’s
systems. These displays can elevate the
operator's awareness of his actions and
result in improved process variabilaty.

Statistical Process Control is based on the
fundamental principles that there 18 a
normal level af random variation 1n every
process measurement, and that this normal
variation, can be quantified historically.
Once the normal variation 1s quantified, any
significant change 1n the observed level of
variation can be detected and investlgated.
When a cause for abnormal variation 1is
1dent1fied, operatlons managers can work to
eliminate the cause or minamze 1ts effects,
1f the abnormal variation 1s bad. On the
other hand, 11f the abnormal variation 1is
good, operations managers can work to
perpetuate 1its cause Or maximize 1ts effect.

The primary goal of SPC 1s to manage process
operations to the most economically
favorable level of variation.

In the case of the black liquor recovery
boiler, examples of application of the SPC
function are as follows:

1. Percent black liquor solids of the
heavy black liquor prior to
firing.

2, Liquor combustion performance
index (LCPI) 1n units of pounds
steam per pound liguor solids.

3. percenl oxygen of the combustion
flue gases.

4. paume of the green liguor product
from the dissolving tank.

ECONOMIC BENEFITS OF ADVANCED CONTROLS

The following savings are pased on a 58¢ ton
per day black liquor recovery boiler with
35p operating days/year and a cost for
oi1l-generated steam of $3.88/MLB. Actual
savings will vary from m1ll to maill,
depending on the power boiler fuel cost, and
other factors affecting recovery boiler
ability to fire at reduced excess air.
Sootblowing optimigation savings are
affected by lnsertion/retractaion speed,
sootblower group arrangements, relataive
frequency of blowing, and other factors wich
impact the operation of sootblowing
equipment.

A total annual savings of $143,080 can be
realized by reducing the average eXxcess air
from 28% to 108% (excess oxygen reduced from
4.5% to 2%) using programmed oxygen tram
control. The net steam production increase
from this excess air reduction represents
steam that need not be produced by power
boilers fired with fossil fuel.

Additional economic gains can be realized 1n
other areas of the recowery poiller, such as
improved chemical reductaion, reduced soz and
PRS emissions, reduced dust carry-over to
the boiler tube banks, and less auxiliary
o1l firing for stability at reduced black
ligquor fairang rates. Further, increased
green liquor sulfide concentration will
reduce the l1»ad on the causticizing
department and reduce soda loss in the lime
mud and brown stock washers.

Sootblowing optimization has demonstrated
significant economic benefits. A 30%
reduction in sootblowing steam consumption
has been achieved for a 800 ton per day
recovery boiler which was using 10% of its
steam capacity for sootblowing. This
reduction was accomplished without any
detectable increase 1in the required water
wash frequency. This results in a savings
of $285,888/year, since the sootblowing
steam represents a swing load, satisfied by
fossil fuel power boilers.

CONCLUSIONS

The applacation of recovery boiler advanced
fuel/air conrrol has resulted in the
following benefits:

® Stabilized recovery boiler
operation.
. Improved combustion efficiency.



- Tnereased and stabilired red.ction
efficiency.

L] Less auxiliary o1l firing for bed
stability at reduced black liguor
firing.

. Minimized si1lfur less 1n stack
emissions.

. Minimized operator intervention
during process upsets.

. Enhanced recovery botler

operational safety.

Recovery boiler personnel nave galned
confidence 1n microprocessor based CRT
display systems which has caused a
considerable reduction of dedicated panel
board display devices. The irciwased use uf
these microprocessor based systems will
continue both for retrofit and new recovery
boilers. There have been and will be many
technology improvements to the recovery
boiler 1in the pulp and paper 1industry.
Todays mlLCroprocessor control systems can be
designed to take advantage of tomorrow's
technelogy.
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