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Abstract. Fuel feeding and inhomogeneity of fuel typicallguse process
fluctuations in the circulating fluidized bed (CFBjopess. If control systems
fail to compensate the fluctuations, the whole plaiti suffer from fluctuations
that are reinforced by the closed-loop controlsisThhenomenon causes
reducing efficiency and the lifetime of process poments. Therefore, domain
experts are interested in developing tools andnigcies for getting better
understanding of underlying processes and theiuatudependence in CFB
boilers. In this paper we consider an applicatidn data mining (DM)
technology to the analysis of time series data feopilot CFB reactor.
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1 Introduction

Self-sufficiency of energy is one of the most sigaint issues in EU policy.
Enlargement of EU makes the challenge of ensutiegstable and reliable energy
production even bigger, as the energy consumptiorEastern Europe will be
increasing rapidly, ensuring their economic grosthas to reach the level of Central
and Western Europe. This will lead to thermal eitatmn of low quality fuels, which
remains the main local energy source in Europeaiorand especially in Eastern
Europe. Cheap and stabile fuel guarantee lowest for power production.

Continuous and growing increase of fluctuationglectricity consumption brings
new challenges for the control systems of boil€@ventional power generation will
face high demands to ensure the security of ermrgply because of increasing share
of renewable energy sources like wind and solargsaw power production. This can
lead to frequent load changes which call for nosehtrol concepts in order to
minimize emissions and to sustain high efficienayiry load changes.

From combustion point of view the main challenges the existing boilers are
caused by a wider fuel selection (increasing sloérlew quality fuels), increasing
share of bio fuels, and co-combustion. In steadyration, combustion is affected by
the disturbances in the feed-rate of the fuel anthb incomplete mixing of the fuel



in the bed, which may cause changes in the bunrdtey oxygen level and increase
CO emissions. This is especially important, whensatering the new biomass based
fuels, which have increasingly been used to reptacd These new biofuels are often
rather inhomogeneous, which can cause instabilitiehe feeding. These fuels are
usually also very reactive. Biomass fuels have mhigher reactivity compared to

coals and the knowledge of the factors affecting ttombustion dynamics is

important for optimum control. The knowledge of thenamics of combustion is also

important for optimizing load changes [2].

The development of a set of combined software tauksnded for carrying out
signal processing tasks with various types of dgymeas been undertaken at the
University of Jyvaskyla in cooperation with VTT Resses This paper presents the
vision of further collaboration aimed to facilitaietelligent analysis of time series
data from circulating fluidized bed (CFB) sensomasurements, which would lead to
better understanding of underlying processes irCfiB reactor.

2 Addressing Business Needs with the Data Mining Approach

Currently there are three main topics in CFB cortibastechnology development;
once through steam cycle, scale up (600 — 800 M#re),0xyfuel combustion.

The supercritical CFB combustion utilizes more olga efficiently, and
sustainable way coal, biofuels, and multifuels, baed advanced automation and
control systems because of their physical pectigar{relatively small steam volume
and absence of a steam drum). Also the fact thedt &ir, and water mass flows are
directly proportional to the power output of theilbo sets tight demands for the
control system especially in CFB operation whergehamount of solid material exist
in the furnace.

When the CFB boilers are becoming larger, not ahéy mechanical designs but
also the understanding of the process and the gsocenditions affecting heat
transfer, flow dynamics, carbon burnout, hydradlamvs etc. have been important
factors. Regarding the furnace performance, thgetasize increases the horizontal
dimensions in the CFB furnace causing concernseffeictive mixing of combustion
air, fuel, and sorbent. Consequently, new appraached tools are needed in
developing and optimizing the CFB technology coesity emissions, combustion
process, and furnace scale-up [3].

Fluidization phenomenon is the heart of CFB conibusand for that reason
pressure fluctuations in fluidized beds have beately studied during last decades.
Other measurements have not been studied so widelgerlying the challenging
objectives laid down for the CFB boiler developménis important to extract as
much as possible information on prevailing procemsditions to apply optimization
of boiler performance. Instead of individual mea&snents combination of
information from different measurements and theiteliactions will provide a
possibility to deepen the understanding of the @sec

1 Further information about the project, its progresd deliverables will be made available
from http://www.cs.jyu.fi/~mpechen/CFB_DM/index.html




Steam cycle

Steam
Lofl — 1=
Water

#

Heat

S

Dynamically
changing demand

=

Limestone

Emissions

Elinng

Availability and costs
comEHgm
Overall Performance

Acceptable
thresholds

Process

Measurements
Control and (meta-) data
C:ib Data Mning/ ———)

Control ' Explicit Process
Models K——> Knowlegde Discovery = Knowledge
T —F— 1% 1
L L L
Process Descriptive & Predictive Process
Monitoring K——> Models K——> Understanding
L. =t

Fig. 1. A simplified view of a CFB boiler operation with tdata mining approach

A very simplified view on how a CFB boiler operatepresented in the upper part
of Fig. 1. Fuel (mixture of fuels), air, and limese are the controlled inputs to the
furnace. Fuel is utilized to heat production; aiatlded for enhancing the combustion
process and limestone is aimed at reducing thersdlbxides (S@. The produced
heat converts water into steam that can be utilifmddifferent purposes. The
measurements from sensoes Sy, S, Sy, Ssand & that correspond to different input
and output parameters are collected in databasesitepy together with other meta-
data describing process conditions for both offlar& online analysis. Conducting
experiments with pilot CFB reactor and collectihgit results into database creates
the necessary prerequisites for utilization ofwthst amount of DM techniques aimed
to identifying valid, novel, potentially useful, dmltimately understandable patterns
in data that can be further utilized to facilitapgocess monitoring, process
understanding, and process control.

The estimation of boiler’s efficiency is not straffprward. The major estimates
that can be taken into account include ratio ofdpoed volumes of steam to the
volumes of the consumed fuels, correspondence dfimas of emissions to
environmental laws, amortization/damage of partbafer’s equipment, reaction to
fluctuations in power demand, costs and availabdiftfuels, and others. Correspond-
ingly to these factors, a number of efficiency optiation problems can be defined.



However, developing a common understanding of whasic, enabling, and
strategic needs are and how they can be addresi#bdthe DM technology is
essentially important. From the DM perspective, ih@v input and output
measurements for processes, first of all we amrésted; (1) to find patterns of their
relation to each other including estimation of msx delays, level of gain, and
dynamics, (2) to build predictive models of emissi@and steam volumes, (3) to build
predictive models of char load, having few measwamis of it under different
conditions during the experiments (in a commerpiaht there is no way to measure
char inventory on-line as it can be done with oxygencentration and other output
parameters). Currently, we are concentrated omnasitin of the responses of the
burning rate and fuel inventory to changes in fieelding. Different changes in the
fuel feed, such as an impulse, step change, limeagase, and cyclic variation have
been experimented with pilot CFB reactor. In [1] fweused on one particular task of
estimating similarities in data streams from thdotpiCFB reactor, estimating
appropriateness of the most popular time-warpiogrtgues to the particular domain.

3 Concluding Remarksand Future Work

We recognized basic, enabling, and strategic negefsjed what the current needs
are and focused on them, yet continuing to defieenhost important direction of our
further joint research efforts. Those include depetent of techniques and software
tools, which would help to monitor, control, andttbe understand the individual
processes (utilizing domain knowledge about physlependence between processes
and meta-information about changing conditions wkearching for patterns, and
extracting features at individual and structuralels). Further step is learning to
predict char load from few supervised examples likaly lead to adoption of active
learning paradigm to time series context. Prognessi these directions we, finally,
will be able to address the strategic needs relatembnstruction of intelligent CFB
boiler, which would be able to optimize the overalffficiency of combustion
processes.

Thus, a DM approach being applied for time serigs dbeing accumulated from
CFB boilers can make critical advances addressiagiad set of the stated problems.
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