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Abstract—We successfully developed and tested a new Il. APPLIED RESEARCH
separation layer solving problems with unmanagedép®sits inside

the boilers of Zluticka Heating Plant. The depoaiis mainly created . . .
by glass-forming melts. We glotted straw asph coritious )i/n K,O- problems with the melting of ash and the formatifrglass

CaO0-SiQ phase diagram and illustrated that they are inatiea of deposits, which is closely Conn_ected to low meltmgec_tlcs
low-melting eutectic points. To prevent the meltiogash and the Of straw ashes. These low melting ashes causefbrimation
formation of deposits, we modified ash compositidnsinjecting Of glass deposits strongly bonded to the walls effactory
additives into biomass fuednd thus effectively suppressed depositceramics inside the flamer part of boilers. Thesgyadeposits

Our goal was to apply a new technology eliminating

in a burner.
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|. INTRODUCTION

of energy in the Czech Republic. The potential obd/
fuel is at its limit because of steeply increasignber of new
biomass heating and power plants that brings a kiegeand
and a steep increase of wood prices. Hence, cgigues and
the agriculture production of energy plants repmese very
reasonable alternative. This energy productiontegsa has
several positive effects, like the decentralizatimhenergy
production and significant energy independence i&gion as
well as the creation of new jobs. The crop residgesh as
straw, are ideal for a combustion process generdteat in
local heating plants. Currently, the building ofwnéeating
plants burning straw is obstructed by a significdnaw back in
this technology caused by the formation of hardgnageable
glassy deposits inside boilers reducing its efficie This
problem can be overcome by applying our new tedgyobf
straw combustion. This technology was successfatiyed in
Zluticka Heating Plant where they burn 1 000 tofhsvbeat,
rye, barley, or rape straw every year. When ushe riew
technology, they have not encountered significaoblgms.
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are formed by melted ash particles carried by flasses in a
flamer at temperatures around 1100°C.

Fig. 1 Glass deposit removed with a layer of reéracceramics

The formation of the glass deposits was a serioobl@m.
Usually, after each three months, the efficiencyhef boilers
decreased so much, that it was necessary to shot down
for cleaning. Then workers have to perform verylius and
time-consuming removal of the deposits becausgltss melt
deposits were very strongly stuck to refractoryacgcs. The
process of removing the deposits with a pneumadimrher
seriously damaged the refractory ceramics and #m@ogts
were very often taken out with the layers of theaodcs
(Figure 1). Even though the workers were removihg t
deposits very carefully, at least 5 mm of the cécanwvas
removed with each piece of the deposit. Without any
technology improvement, the ceramics walls will be
dangerously thinner down shortly and the whole méra
segments would have to be replaced. It would ssiyou
increase the cost of repairs and consequently beatgy
prices for costumers. This problem was very seriahen
certain types of straw were fired, mostly barley.

Additionally, the low eutectic temperature of sostiaw ash
caused problems with agglomeration and cloggireyrner.
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The manager of the heating plant started to soheset The samples were collected from a burner, the botiba
problems in her PhD thesis in 2007; she succegdelended heat exchanger, the front part of the heat exchatgees I,
this research in 2008. This interesting and usefsitarch has tubes Il, and a cyclone.
been continuing since then in a close collaboratidth the
Department of Glass and Ceramics at the Institighemical
Technology in Prague. Currently, this ongoing redeehas
been funded by the Ministry of Industry and Tradettee
Czech Republic.

B. Contribution of the Institute of Chemical Technology

All the collected samples of straws, straw ashes lailer
deposits were examined at the Department of Glass
Ceramics. The fuels were burned in an electric doento
obtain ash. Then the selected and pretreated sarmyes
analyzed and their chemical composition was detexchiby
the x-ray fluorescence (XRF). Using the measuremértsh

e of heatexchanger B impedance, the ash eutectic temperature was deedmi he
3front part of heat exchanger \i:/ Cyclone phemical composition of s_amples and thei_r properéee the
‘S‘ij’::;wtpocket 7. thes inputs for a comprehensive database with more thad
6tubes I Exchanger direction records. Using the existing database, we can preabt
7 cyclone 1 - *é composition modification to increase its eutecéimperature,

' { - — and thus prevent it from melting. Based on theemidld data,
Burner 4_} we are able to adjust the straw combustion teclyyoto a

’ o I Upper “ specific type of straw fuel; hence, efficiently vethg deposits

] barrier / problems in the boilers. This approach helps toyver
Tempersture ' . Temperatue significantly suppress the growing of deposits.
1 borer  Flamer C.Contribution of the producer of biomass boilers

: 72"7 ) 3. Company VERNER, Inc., is a producer of biomassesil

| - Glass deposit and a supplier of biomass combustion technology.diginal
technology has been installed in Zluticka HeatitanP Since

Fig. 2 Locations in a boiler from where samplesenesllected its beginning, the plant has also been used astiagdacility

for the development and improvement of biomass astitin
technologies, which were optimized during our reclealn a
close collaboration with the plant manager, it baen testing
there a new equipment of the boilers as well.

IV. NEW TECHNOLOGY VERIFIED IN INDUSTRY

In our approach, we put a strong emphasis on irated
testing of newly developed combustion technologiaes
Zluticka Heating Plant and in the company VERNER.

A. Separation layer

experiment, we developed a new separation layes.|ayer is
formed from a special mixture of silicate materigl$ which
are environment friendly and cost-effective as 2]l The
layer stays inert even at high temperatures and doe melt;

Fig. 3 Glass deposit with a separation layer on top hence, it is able to separate melted glass depdsita
refractory ceramics during the whole operation eyof the
I1l. NEW STRAW COMBUSTION | MPLEMENTATION boilers. For the purpose of cleaning, the boileesshut down

and the deposits can be very easily removed framtdp of
Yhe separation layer.

The layer was verified by long-term testing in t#ika
Heating Plant during the normal heat generatiorecy&t the
beginning of the test, the ceramics of the walld #re bottom

A. Contribution of Zluticka Heating Plant of a flamer were cleaned and painted with the sejmar layer

The operators in the heating plant monitored amdroed Of final thickness about 40 mm. Then the boiler ttbrough a
all important parameters of the boilers during tiwbole normal three months cycle of firing various typdsstraw.
operation cycle in which the new technology wasettsThey After the shutdown of the boiler, the separatiopetawith
also collected samples from several locations boider that deposits was examined. It was found that the s@parkayer
were important for assessing the results of ths (Esgure 2). formed a brittle solid layer completely preventingelted

The new technology of straw combustion was mainl
focused on fast and highly efficient solving of Iplems with
unmanageable glass deposits in boilers firing wariypes of
straw.

Based on straw ash analysis and extensive lalgrato
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deposits to flow through and stick to the wallsrefractory
ceramics. The deposit with the separation layertam is
shown in Figure 3. Following these positive testse
separation layer has been successfully appliedngutihe
normal operating of the boilers in Zluticka HeatiRjant.
Glass deposits have been regularly removed fronbttilers
very easily and only significantly shorter shutdewrave been
necessary.

B. Suppression of ash melting

Our approach to the suppressing of straw ash rgeitira
burner is based on our systematic monitoring andystg of
ash composition and its relation to the ash eutéethperature
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utilizing K,O-CaO-SiQ phase diagram [1, 2]. To avoid ash

melting, the eutectic temperature must be increabgd
changing the composition of ash. Such change camaue
either by mixing biomass fuels of sufficiently difent
composition or by injecting additives.

We did the laboratory combustion tests of strawhvihe

additives rich in CaO or AD; and SiQ. When we compared

these ashes with the ash without the additive, waldc
conclude that the additives significantly supprdsste
formation of glass-forming melts.

The technology of straw combustion with predicteidimal
amounts of additives were tested in the biomasgedsobf
Zluticka Heating Plant. For five moths the additiveere
injected into various types of straw in the amoohtfew
mass% of the fuel. We observed very positive effextthe
additives that increased the eutectic temperatang, thus
strongly suppressed the formation of glass melésharner.

V.CONCLUSION

Our research team found the mutual collaboratietwéen
the research institute, the heating plant, andptioelucer of
boilers, as very fruitful. To main advantages ofr deam
belongs efficiently targeted applied research \iitimediate
feedback from industry as well as very beneficiebreomic
effects for the industry partners.

They successfull

implemented new technologies of treating unmandgeab

deposits and the straw combustion technology withimal
amount of additives.
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