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Introduction

The owrall performance and availability of a fodsiéd thermal power plant is predominantly
affected by the steam generating unit and the combustion process. Even though conventional plant
control systems ensure a&@afe and reliable operationthey do not rigorously optimize boiler
operations or take care of special combustion problems. Not to mention that much of the
information gathered by modern IT systems and advanced monitoring equipment remains untapped.
Thus, manyplant operatorsdecide tounearth these "hidden reserves" by way of software driven
intelligent addon technologies supported by advanced measurement diagnostics.

This article not only illustrates the achievable benefits of an advancedingalboiler optimization
solution but also touches atle decision making and implementation process.

Model predictive control

Boiler operations determined by dynamic behaviand transient incidents (load ramps, coal quality,
componentdeterioration etc) so that a trueoptimizationrequires dynamienanagement and control
of the manipulated variable&€Ucontrol is @edicated modebased boileoptimizationsystembased
on adaptive, multivariable model predictive control strategiesmd centered on a physical boiler
model (Physical Model Predictive Cool). It provides reaktime optimization of the complex boiler
operationand combustion(Figure 1)Using this physical understanding of the procésgiffers from
the numerous purelynumerically driven blackox system identification approaches.
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Figue 1: Principle structure of a Physical Model Predictive Controller (PMPC)

Dynamic process models represent the relationship between independent variahlede(inputs)

and dependent variablesnodel outputs). The inputs include the manipulated variab{st/), e.g.
damper settings, feeder speeds as well as measwegdthe currentload, and unmeasurede.g.coal
quality, disturbances.The models predict future outputs based on the past and calculated future
values of the input variablesvhile the physidly motivated structureof the models enforcesignal
causalityand always leads to reasonablghysicalsolutions The approach thus uses expliaid
implicit knowledge of the process dynamic behavéord consides all the interactions between the
involved process variableg herebymanyhard and softconstraintswith complex interactionsnust

be taken care ofThe optimizer rigorously reduces operational variance and shifts the operating
point close to the optimum

Optimizationis based on a multriteria objective formulation. A cost function incorporates and
consolidates the different and often conflicting requirements/objectives by weight functions.
Thereby the modular structure of the software allows for flexible and easy integration of additional
objectives and constraints that may become important in the future and need to be incorporated.
EUcontol works as a sepoint optimizr ¢ an ensemble of process models incorporates and
combines customer specific objectives with their individual weight tians with the various
applicableconstraints. The actual optinge then adjusts the model inputs (the spbints) such that

an overall optimum in terms of a weighted cost function is attained.

Periodic predictions and sgiint/bias changes are calculatddster than the response time of the
plant hardwareincluding thecombustion procesand enabk real time optimization The optimizd
setpoint differentialsare fed into the plant DCS systegneither manually in advisory mode or
automatically in closedbop mode.A direct interference with the existing plant DCS is avoided and
potentially conflicting actuator settingsan definitely beuled out.

One significant advantage of the chosen approach is its ability to dynamically handle process noise,
process wriability, and process drift over time, including significant process control changes, such as

fuel type, or boiler draft configuration. The optimizer automatically adapts to changing plant
conditions by continuous online ft&ning, as required by operaitg conditions and discerned by the

model confidence intervals. This-tine adaptivity ensures that the control system not only does the
NAIKG GKAy3AZ odzi faz2 GKIFEG GKS Y2RSta | OO0dzNT G S
conditions, deal withristrumentation drift and recalibration, disturbance rejection, model mismatch,
equipment performance degradation and maintenar{€gure 2) This approach provides continual,

automated improvements to boiler control.
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Figure2: MPC with adaptive processodel

First steps to prepare the project

Often, a project is touched off by the need to redress some known and particular operational short
coming, rather tharby avague and indistinctive desire for improvemein. many such cases the
solution will haveo be custom tailored to the problepanda done-fits-I f apgroachisfailure prone
Comparedto hardwarebased alternatives or physical retrofits, software basedutionspreserve
existing assetsrequire significantly lower capital expenditure andJeaa much lower installation
lead time while offering high flexibility Although offering a very attractivecostvalue ratio, the
willingness to engage imaoptimization project will depend on the level of confidence that can be
established in advance. This end a rigorous moddiased preevaluation is carried through, in
which availableplant data is used to design and calibrate a physical model of the plant. @&he pl
model is then used to analgzand assess the expected outcome of the proposed installavithin
acceptable confidence levelgVvith the help of a plant model, we see that the reduction is very
substantial Further findings are also very important in that:

A modeling and predicting NOx and CO is possible, accurate and reproducible,
A key varables for controlling NOx are exceé32 and the andistribution,
A the sensitivity of the parameters appears to be in line with theory,

A the optimizationapproach can be verified,
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A the controller is robust and

A there is substantial room for optimization.

Project start

After the preliminary investigation corroborates the financial and technical feasilgilityhich it
usually does; the next step igo formulate detailed requirement specificationsThereby not only
functional aspects are considered but algestem handling, operatorequirements andtraining,
trouble-shooting, upgrading flexibility and maintenance. Also, it is helpful to dispossible
limitations of the proposed solution. With the help of established guidelines these otherwise tedious
stepscan beeasily takenThereafter, the technical situation and boiler operation willdggpraised
covering

A available and required plant equipment (sensors, actors)
A boiler set up and combustion,

A control loop structure,

A data availability and accessibility,

A communication (DCS) interfaces and DCS strugcture

to name a few.The appraisais done onsite by a dedicated team of qualifiexhgineers.Available
data is analyzedP&l schemes are studied, and control loaps analyzed.

Good models require high quilidata. Alsothe relevantdata must be gathered online witha
reasonable time resolutiarrom experiencea 10¢ 60 secsample time will worldepending on the
particular objectives and system dynamicRatistical procedures are then applied to ensure
consistent data qualityfiltering, outlier detection, interpolation of missing data, correlation analysis,
causality chain, data aggregation etc.).

Input data

In some casesthe performance of the optimér may be significantignhancedby extendingor
improving the available measurement data base in the plant by advanced diagnoétigmod
example is the accurate measurement of the twalimensional temperature distributiorat the
furnace exit by an array of optical pyrometerkhis straightforward infanation can be used to
centre the flame ball Moreover it helps to identifythe optimal tradeoff betweenthe flame ball
position and the amount ofpray waterinjected for balancing the rain-steam temperature at the

exit of the superheater and reheateQray waterinjection has a negative impact on the heat rate
and as such it should be minirad. But to what extent? Certainly not to the extent of completely
displacing the flame position to compensate for the temperature differences, as this may cause othe
adverse effects.
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In other cases the installed measurement technology may prove unrelistith. sufficient data
redundancyin place,a soft or virtual sensamay be constructedwhich usegeliable data as an input
to a modeland hasas its output the dsired sensor informatiorio suppement or replace the
unreliableoriginalsensor readingd-igure3 shows the example of flue gasemperature sensor that
is replaced by a smart sensor model with sufficient accuracy and much higher relialiisy.
approach is again motivated by the desire to maintain physical causality and plausibility

Measured
temperature
I —— Predicted

_____ temperature
Modeled
error<7°C temperature

detalil

Figure3: Temperature prediction over 4h using a soft sensor based on redundant process data

Physical plant modeling

The design process can be substantially facdddty using Modebased Design methods, especially

if these offer Rapid Control Prototyping and Hardwaré¢he-Loop (HiL) capabilities. For most
engineers, working with a model of a physical system provides a convenient way to experiment with
various degin and control ideas.

The engineer first develops the plant model with the availabladand then designs the
optimizer/control system in an offline environmenthe philosophy is simple and straightforward:

1. First build/adapt a dynamiglant or boilermaodel, then simulate, analyze and calibrate the model.
2. Design the system control and optimization strategy and test it against the plant model.

3. Transfer the code from the host PC to the control target.

4. Validate the system by using rapid prototyping or harosia-the-loop simulation.

The communication device drivers are part of the model. HiL simulation enables embedded software
testing at an early stage against a fiale dynamic boiler model, where corrective action is simple
and easy, without the expensgsk or impracticality associated with a testthe real plant.By using
suitable enabling technologies that offer a fully integrated etodend design environment, the
development effortis substantially reduced.

Integration of MPC

The optimier conrects to any underlying automation system via a standard @B@col. If required
proprietary DCS communication protocols can also be addredsedl typical configuration as it is
depicted in Figurd, the communication is fed through a data base serwdrich in turnreadsdata
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and sends control commands tbe underlying automation system or DGfardware and software
redundancy is established.

Tipical DCS configuration
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Figure 4: Integration of the adoin optimizer into the plant automation and communication structure

A web lased clientserver structure allows for remote (observatory) desktop access through plant
engineeas from within the plant’s LAN and service and maintenance tasks can be done from external
remote access.

The configuration is easy and straightforward andlase via a intuitive graphical user interface
Figure 5. Optimization is multicriterial and based on a cost function that incorporates and
consolidates the different and often conflicting objectives by weight functioasarReter settings
are adjusted hard and soft constraintsare defined and alarm thresholdsare set Various
configurations can be predefined and stored for later use. During operatimgineering and
reporting tools assist the user irdata visualiation, performance monitoring, and engiering
analysis.
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Figureb: Intuitive user interface controls at fingertips
Commissioning

After successful verification of the functionality and signal testing the system is connected to the
base automation of the plant and taken into operation ac@egdo awell definedprocedure

Before this takes place, however, much care is taken to instruct and train the plant personnel and get
everyone involvedccustomed to the new systertt.is the ppoplewho are key tosuccesstherefore

an elaborate andhands-on simulator trainingprovides an authentic feeling of what the system does

¢ covering all aspects of handlingonfiguration, reportingncluding a brief ortrouble-shooting

Figure 6 The simulator has the look and feel of the real thingnly thatit is a model of the

LI I yiko2Af SN GKFG A& 0SAy3 d2LIAYAT SRé®

BUtech Scientific Engineering GmbH Page7 of 11



TENOR 2011, 2. International Conference Thermal Power and Susitanaddtepbent
September 1416, 2011, Ugljevik, Bosnia and Herzegovina

Kesselmodell

53,4_1 - Adjustment of optimisation ?i}: 5l &
& e aims and boundary conditiong|-— ** °

=4 —L 1L, Process

.
[ -
ﬁﬁL - > control
|

- % Optimiser information
B
B
- B [ :Zg
B

-
=ik Definition of optimisation aims,

boundary conditions,
system parameter

Optimal control value

>

Operating
engineer

A

A

Data interface

Process data

Storage of process

and operation data Reports/Documentation ! I
Database < g Management

Figure6: Example ofhe optimizerin reattime (RT) Hikimulation mode

In the start-up phasethe optimizerwill run in advisory moder, if in closedloop, the control and
optimization setthgsaretuned such that they only lead ta & 2iftaiférence with the boiler
operation. Bst scenarios are examined and the resp@a® analyzed. Step by step the complete
functionalityis validated and where necessary finming takes place.

Achievaments

Combustion optimizationadjusts the fuel and air biases within the furnace to improve the
combustion process, therelgontrolling emissionsThe NOxCO tradeoff is looked after byadjusting

the airdampersY Ayt & | f 2y 3 { K Sadjasgh§pNdiaky Secobnilarycagdjiffagilble, E A & T
overfire air (OFA) in conjunction with the excess oxygen control. tFduie-off is a very essential

aspectnot only in terms of heat rate but alda terms of boiler slagging. Fuair imbalances at the

burner level lead to incomplete combustion in the lower furnace and coal partiglgshit the

convective boiler sections dbo high temperatures which sometimes may even exceed the ash

fusion temperature. This is a situation that must be avoided.-N@x strategies, if not carefully
implemented and controlled tend to mask unfavorable combustion.

The level okxcess oxygen levgllays an important role for achieving minimum heat rates. Biasing O2
levels downward by only 0.2% on a long term basis underrafise constant conditions leads to
significant heat rate improvements above one percent.
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Figure7: NOxEmission control

The NOxand C@emissions are controlleFigure 7)and held just below their limit, while the overall
excess oxygen is simultaneoubkying reduced. Further investigations show that the reason is the
improved fuel air mixing which leads to more vigorous and complete combustion in the reaction
zone at burner levelFigure8 shows how the optimer changes the combustion regime by shiffin
more air to the burner level and reducing Of&é&ntering areas otherwise untouched.
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