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Own fuels

[Odorous gas) 03
burning

e s S —

0

Oil: Only for il ExoNO
lime kitn

- Evap’n plant: 6-stage
- Cont.cooking

Pulp mill

Cooking i
Bleaching 0.
Evap'n IA
Drying L
Rec.boiler 3
Heating 0
Miscellaneus O

FIG. 2

[Bark 1.5/ Available 40
| burning Y
[ Black lig. —1—91———_-\ Losses
burning —/w 211 J 1.5

- Bleaching:
C/D-E-D-E-D
-RB flue gas scrubber

Steam

generation Losses
18.6 05
Figures:
Power () GJ/ADMT
bleached pulp

generation

800 kWh /ADT

Pulp mill
power consumpt ) Power output
750 KWh/ADT 50 kWh/ADT

KRAFT PULP MILL HEAT BALANCE, ANNUAL AVERAGE
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Number of Stages

il zxonO
Capacity: 360 tH20/h
Evaporation

rate : 300 tHp0/h
{ Average)
Costs : -Back pressure

steam: 23 mk/GJ
~Power : 180 mk/MWh
DS-Content of
Heavy Black Liquor: 65 %

FIG. 3

OPTIMIZATION OF

NUMBER OF STAGES
ON A BLACK LIQUOR
EVAPORATION PLANT
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Fic.. COMPARISON OF
THERMOCOMPRESSOR

C
iIll xoNo

Assumptions: B
- Heat consumption of
6-stage plant:
480 MJ/tH0
-Power consumption of

the compressor:
36 kWh /tH-0 (aTeff = 8°C)

-Heavy black liquor
D.S.-content: 65 %

-Evap'n rate {Average):
300 tHy0/h

- Annual operation time:
8300 h/a

- Steam cost: 23 mk/GJ

ueot =0

-Value of secondary

AND A 6-STAGE BLACK LIQUOR EVAP'N PLANT
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Contaminated Cooling
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Vv ¥
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’ I - ! {1 condensate
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— — —
*-/_-—1 | £ 7 > Clean
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FIG. 6 INTEGRATION OF STRIPPING TO
A MULTIPLE EFFECT EVAPORATION
EXAMPLE 1 i oo



Live
steam

| |Ege
LI
S iglliat

oy SR T

fod——y
b \ )

e — — — )

RESSSh)

. |
| Live Contam; Intermed.
| steam cond thick liquor
{ cond. ¥ v
Thick Stripped Clean Clean
liquor cond. cond cond.

fi6.7  INTEGRATION OF STRIPPING TO
A MULTIPLE EFFECT EVAPORATION
EXAMPLE 2 il mxono
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Explanation Unit value | Mmk/a
Evaporated water amount {example ) tHy0/h | 300
Heavy liquor amount tDS /7h 75

- - with 62 % DS-content t/h 121

- - o 67 %DS- t/h 112

difference |tH20/h 9
Total saving in fuel oil

with 67 % DS black liguor Geal/h | 4,23 | + 3.7
Additional power consumption in

the evaporation plant kW 450
improvement in back pressure power
generation kW 270
difference | kW 180 | - 0.3
Savings in operation costs + 3.4
Investment - 54
"Return of Investment” ROl : % / a 63%
Pay - back -Periode a 1,6
F1G: 10

ECONCMICAL ASPECTS WHEN INCREASING BLACK LIQUOR
DRY SOLID CONTENT FROM 62 TO 67 %o

m HEHKONO
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Data from the dissolving fank Fig 1
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GREEN LIQUOR FLOW SMELT FROM DISSOLVING TANK,m3/h
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_OPERATING EXPERIENCE AND OTHER CRITERIA
IN RECOVERY BOILER CONTROL SYSTEM APPLICATIONS

Heikki Tarvainen and Tom Roos
EKONO Oy

Helsinki, Finland

1. Abstract

The critical nature of recovery boiler in liquor circulation and
difficulties in burning control have necessitated extensive research
of black liquor burning and recovery operations. Following the process
research, control system development projects led to installation of

control systems that have been operational for years.

In many cases the installation of the control system took place in con-
junction with repairing or rebuilding the boiler. The results of the

project must therefore be judged in its entirity.

Generally speaking the pay-back time has been between 0.5 to 2 years.
Most of the benefits resulted from increased dry solids throughput.
An additional advantage is decreased steam consumption for sooting.
Further, design criterias for liquor spraying and air distribution

were developed.

Computer systems have been effective in completing process studies and
in the evaluation of control strategy. It has been established that
computer systems lead to good operating results. This is true even in
cases where difficulties with normal instrumentation and automation

have been encountered.
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2. Introduction |
The two original boiler types were Combustion Engineering (CE) and
Babcock and Willcox (BW). Mixed types are currently in operation

having characteristics derived from both the above original models.

Although the chemical reactions and the heat balance are basically
the same in each type of boiler, the liquor burning characteristics

vary greatly with individual boilers.

Regardless of differences in method of burning, the basic principles

of burning control are the same with all boilers.

3. Black Liquor Burning
3.1 Objectives of black liquor burning are:

1) To achieve a high reduction of NaZSO4 to NaZS

2) To recover the heat of liquor dry solids most effectively in high
pressure steam

3) To minimize the release of gas and solid pollutants into the

atmosphere.

The above objectives must be achieved while at the same time preventing
boiler corrosion and maintaining safety. This must be done despite the
fact that there is generally a need to burn more dry solids than the

boilers original planning stipulated.

For effective regeneration of cooking chemicals a high temperature and
a reducing atmosphere is required. This is most easily achieved if most
of the liquor burning takes place in and on the charbed or in gases

immediately above the bed.

In order to avoid emissions and to enhance steam generation sodium should
be sufficiently vaporized to react with sulphur gases. This action
decreases fouling of the boiler. Further, it established an

atmosphere less favourable for corrosion.
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Maximum temperature is found immediately above the charbed. At this
location the liquor should be burned. High temperature there is also
necessary for chemical regeneration, An additional advantage of

burning the liquor in the charbed region will be the cooling of gases
in the upper region. This will reduce the risk of sticky

deposits on the superheater tubes. Decreased fouling of the tubes per-

mits greater heat economy and improved solids throughput.
3.2 Description of controllable method of liquor burning
3.2.1 Liquor delivery

The liquor is sprayed using stationary flash plate nozzles. The correct
droplet size is achieved by proper dimensioning of nozzle diameter along
with determining suitable nozzle angle and spraying pressure. Liquor

droplets generated in this manner will be dry upon reaching the charbed

region.

3.2.2 Air delivery

Two independent air supplies, a primary and a secondary, are required

for the charbed.

The primary air is introduced uniformly with the boiler a short distance
above the boiler floor. Its pressure is such that it only penetrates

a short distance into the furnace.

The secondary air is applied at a height approximately 1.5 m above
the level of the primary air. Its pressure which is significantly
higher than the primary air pressure is designed to force air into

the center of the furnace at the charbed top.

The great majority of the air in the furnace, at least 70 Z, is

comprised of the combined primary and secondary air.

All primary and secondary air ports are equipped with individual jets
which have variable area adjustment control. In this way the velocities
and volume flows of individual streams of air entering the furnace can

be adjusted independently.
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3.2.3 Boiler Symmetry

Symmetry of both the black liquor sprying system and the air delivery
system is a design requirement. Locating secondary air ports or all
four walls seems favourable. Further, air ports placed near corner

must be located in such a way that the corner will not be cooled.

3.2.4 Charbed height control

It is of major importance to maintain a stable charbed. Variations in
charbed height alter the 1liquor burning rate. The

dry solids / total air ratio is also usually a variable of char bed
height. Is is unlikely that a constant burning rate and stable char-

bed can be controlled only by the droplets and spraying. Introducing

low secondary air approx. 1.5 m above the primary register is an effective
way to control the bed. Moreover, the burning becomes almost self-
controlling. Further, the use of low secondary air reduces the re-
quirement for primary air, which in turn favours the degree of reduction

to be high.

4. Control of Black Liquor Burning

4.1 Controllability

Excepting liquor properties, the type of boiler and its geometry
are decisive factors in recovery boiler controlability. This has
been determined by operating experience with recovery boilers

and their control systems.

Although it is possible to burn liquor in every known type
of boiler, the overriding advantages of the two air register design

is the stabilizing of the bed heizht, which is the key factor for

enhancing black liquor burning.
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General furnace symmetry is a further aid to controllability.
In this way the need of separate control action for different parts
of the furnace is avoided. Also the possibility of setting tight

and optimal control targets is improved.
4.2 Characteristics of Recovery Boiler Control

The all important task in recovery boiler control is to maintain a
stable and unchanged charbed. This is essential to maintain a balance

between dry solids feed and air supply.

Disturbances will be due to variations in liquor properties. These
include elementary analysis, dry solids content, heat value and
viscosity. Other disturbances result from clogging of liquor nozzle

or air ports as well as random disturbances in the furnace itself.

It is very difficult to determine which variable originally causes
deviation from target boiler output and subject it to control
action. This is due to the fact that furnace reactions are so
numerous and every input influence black liquor burning. Further,
these influences are not always predictive. Successfully every
boiler control must, therefore, have a feedforward nature. The
primary feedforward function is to determine and supply the total air

needed to burn the dry solids fed to the furnace.

Within a certain region in recovery boiler furnace the above mentioned
variables have a linear or near linear relationship. In other
locations relationships are unpredictive and normally increasing
factors change to decreasing. Most of the variables by recovery
furnaces have their safe operating region where variations can be

compensated and controlled.
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The recovery boiler control strategy could be described as follows:

1) TFind a safe and controllable operating region for your individual
boiler and black liquor.

2) Maintain the operation in that region using all possible feed-
forward compensations and monitoring information.

3) Perform a continuing process identification and study to verify the
parameters of liquor burning and boiler fouling.

4) Prevent as far as possible all changes in boiler load and operating

mode.

5. Control Systems Application Results

Computerized recovery boiler control operations were firs realized
with the 70's. By 1975-76 the second generation, or commercial recovery
boiler control systems, were operational. Currently there are 30 re-

covery boilers equipped with a computerized or digital control system.

In every case reported the results with recovery boiler control systems

have been successful.

The most important benefits have been decreased boiler fouling and
reduced steam consumption for sooting. Because of less fouling and

steady and smooth operation the solids throughput has also increased ,

Further, reduced excess air and decrease in flue gas temperature have

improved thermal efficiencies of the boilers.

Improvement in chemical regeneration has resulted from more efficient
reduction. There has also been a decrease in the amount of emissions
released. H.S and SO. emissions can be nearly eliminated when the

2 2
sulphur level of the black liquor is within normal range.

The projects in which a boiler having originally only one air register
on the bed level was rebuilt and equipped with a computer control system
increase in throughput and reduction efficiency was in the magnitude

of 3 to 5 times greater than boilers already having low secondary air.

The rebuilding included installation of low secondary air and plate type

nozzles.
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The study period requitfed for implementation of a recovery boiler
control project also results in increased understanding of the

recovery boiler operation by the operating personnel.

In the case of reliable,smooth operating control system,elimination
of the human factors associated with change of operators 3 times

a day further stabilizes the performance.
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D8 - &4
Boiler Capacity Drum Composite Tubes
Pressure Installed
TDS /day MPa Floor/Walls m/Year
(Height)
Joutseno 580 9 -/ 3 / 1981
Ahlstrdm
Tainionkoski 730 9 -/ 14,1 / 1981
Ahlstrdm
Kaukas 410 9 + /8,9 / 1981
Ahlstrdm
Kotka 680 9 + /11 / 1981
Ahlstrdm, CE_
Joutseno 400 7 -/ 3 / 1983
BW

Comparing the data in Table 2 with corresponding data from Sweden, the
only notable difference is that the average pressure level is higher in
Finland (9 MPa in Finland -~ 7 MPa in Sweden). In Figure 3 the year
and degree, to which installations and replacements using composite

tubing have been made in Finland, is presented.

No_sof N New installations
i‘;;' Replacements - ] _
1 §/ §/4/ %%
N \Z Y N\~
WA

Until now no serious problems have been reported. Only a few cases

of damage have been noted, those being due to small cracks related to

welded joints.



