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1. Introduction

Currently at well above 40 energy objects (enterprises) in Poland the
biomass co-combustion with conventional fuels (such as bituminous coal
or lignite) has been realised. The most popular cofiring (co-combustion
and cofiring are used interchangeably throughout this paper) method
is a direct combustion at the existing systems of pulverised coal fired
boilers and fluidised bed boilers. [I]. Unfortunately, introduction of
biomass into the systems of fuel preparation that were designed for
coal (furnished with hard coal or lignite pulverisers ) at pulverised coal
boilers can bring about many operational problems (among others
spontaneous ignition of biomass-coal mixtures) [2]. Co-milling (or co-
pulverising) of coal mixture with biomass at the same pulveriser can
cause other threats than in case of the basic fuel (i.e. coal), which are
connected with different biomass properties.

The problems of more frequent ignition of fuels mixture during
pulverising process of biomass-coal as compared to coal only that
were noted by the installation’s operators constituted a prerequisite to
undertake the research that would identify source of these spontaneous
ignitions. Recognition of the phenomena that increase hazard of the
ignitions to occur during co-milling will make it possible to develop
technological procedures aimed at improving safety of operation.

The hazards deriving from simultaneous milling (or pulverising) of
coal and increased share of biomass in one pulveriser can be classified
down to two types of hazards - gas hazards and coal dust hazards. This
paper deals with research connected with gas fire hazards.

Because biomass is characterised by lower decomposition
temperatures when compared with coal and to the pulverising system
the hot air is supplied, which in extreme cases can be as hot as about
300°C, then in the pulveriser processes of pyrolysis or gasification
can occur. The result of these processes can be a destruction of solid
biomass particles associated with creation of gassy compounds. During
these processes combustible gases can be created, among them: carbon
oxide (CO), hydrogen (H,), methane (CH,), ethane (C,H,), ethylene
(C,H,), propane (C,H,), propylene (C,H,) and other [3, 4].

One of the building blocks of biomass-hemicellulose, undergoes
destruction at temperatures below 300°C [4, 5]. During process of
biomass thermal conversion in atmosphere of air with process gases
the presence of carbon oxide or methane was noted in process gases
in as low temperature as 190°C [6].

Authors investigating torrefaction processes of wood biomass
(birch), i.e. thermal destruction in the neutral environment, discovered
the presence of combustible gases in the process gases. These authors
have noted the CO content at the level of 14% vol. and CH, content at
the level of 0.1% vol. gas products developed in a torrefaction process
at 230°C [7]. Other authors also in a torrefaction process of birch run at
230 °C have measured CO content in process gases at the level of 8%
vol. and CH, content at the level of 0.1% vol. [8]. In both cases the
carbon oxide concentration in the products of torrefaction exceeded
its Lower Explosive Limit, which is equal to 12.5% vol. in air (Tab. I).

The gases released in the process of thermal destruction of
biomass can create an explosive atmosphere, and in consequence fire
hazards. Range of combustible gases concentrations in the air at which
the explosion can occur is described by two limits [9]:
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* LEL (LFL) - Lower Explosion (or Lower Flammable) Limit. It is the
lowest concentration of gas or vapours in air below which the igni-
tion is not possible under influences of the initiating factor and further
autogenous propagation of flame at the selected conditions is also
not possible (the gas explosive atmosphere cannot be created)

* UEL (UFL) — Upper Explosion (or Upper Flammable) Limit. It is
the highest concentration of gas or vapours in air above which the
ignition is not possible under influences of the initiating factor and
further autogenous propagation of flame is also not possible in the
conditions defined by the investigation. The flammability (explo-
sion) limits are the characteristic features of the combustible gas
mixtures. Beyond these limits of concentration in air (the oxidising
agent) the ignition of the mixture will not occur even when the igni-
tion source would have an infinitive energy. In table | are presented
Upper and Lower Flammability Limits for the selected gases.

Table |

Lower and Upper explosive (or flammability) limits and density of the
selected gases [10]

»Lower »Upper
Explosive or | Explosive or
Gas name Chemical Flammable Flammable Density',
formula Limit” Limit” kg/m?
(LEL/LFL) (UEL/UFL)

(%) vol. (%) vol
Carbon oxide Cco 12.5 75 1.250
Hydrogen sulfide H,S 43 45 1.539
Hydrogen H, 4 75.6 0.089
Methane CH, 5 15 0.717
Ethane C,H, 3 15.5 1.356
Ethylene CH, 2.7 34 1.260
Acetylene CH, 2.4 83 1.170
Propane C,H, 1.2 74 2.003
Propylene C,H, 2 1.1 1.915
Butane CH, 1.5 8.5 2.70
Air - - 1.292

! — density is established in standard conditions

2. Experimental part

Industrial tests were conducted at the in-country CHP plant, this
plant has been implementing co-firing of coal and biomass by making use
of the existing pulveriser installation. Test was conducted for coal and
different mixtures of coal and different types of biomass. The substance
that was pulverised was coal and mixtures of coal with | 5% weight share
of sawdust wood pellets or pellets from sunflower husks. The purpose
of these tests was to identify the gaseous combustible constituents that
could be released during milling process in a ball pulveriser.
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The composition of the gas atmosphere that was created inside
of the milling system was established for the following characteristic
states of the pulveriser operation:

* Stable operations of the pulveriser system — continuous pulveriser
operation with maximum capacity
*  Planned switching off/shutdown of the pulveriser according to the

CHP’s procedures
* Down time of the ,,empty” pulveriser stopped according to the

CHP’s procedures
* Start of the pulveriser according to the CHP’s procedures
* simulated emergency stop of the pulveriser ( through switching off

during operations of the pulveriser’s fan ) with leaving off the fuel

inside of the pulveriser
* downtime of the pulveriser with the fuel left behind inside of it.

Switching off the pulveriser in accordance with the procedures
in force at the CHP as well as simulated emergency switch off was
conducted in two options each: with and without the so-called steaming
of the pulveriser.

Infigures | +5 the runs are presented of the characteristic pulveriser
parameters during conducted tests.
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Fig. |. Parameters runs of the MW2 pulveriser during tests on coal

In figures |+3 pulveriser parameters are presented during its
characteristic states without application of steam quenching after
it is being stopped. During planned shutdown the coal delivery
to the pulveriser has been cut off in order to empty it from milling
residues and to cool down its elements. Cooling off the pulveriser
was executed by closing the hot air dampers and simultaneous
opening of cold air dampers — temperature of air supplied to the
pulveriser has been reduced from 220°C to close to 120°C. During
switching off (through the simulation of the fan breakdown) the mill
(pulveriser) was stopped with the unmilled fuel left inside. Dampers
on cold air and hot air were at this time left closed. During this time
temperature rise of the coal dust-air mixture was detected, and only
after |5 minutes the drop in temperature was detected.
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Fig. 2. Parameters run of the MW2 pulveriser during tests on mixture
of coal and 15% of pellets from sunflower husks (without using steam
quenching installation)
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Fig. 3. Parameters run of the MW2 pulveriser during tests on mixture
of coal and 15% of pellets from wood sawdust (without using steam
quenching installation)

In figures 45 pulveriser’s parameters are presented during
characteristic states of operation with using the steam fire quenching
installation during it shutdown. These shutdowns were executed as
previously described but at the final stage of the planned switching off
or after the emergency shutdown steam was supplied to inside of the
mill in order to neutralise oxygen atmosphere and to “blow out” the
fuel left behind.
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Fig. 4. Parameters runs of the MW2 pulveriser during tests on mix-
ture of coal and 15% of pellets from wood sawdust (with using steam
quenching installation)
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Fig. 5. Parameters run of the MW2 pulveriser during tests on mixture
of coal and 15% of pellets from sunflower husks (with using steam
quenching installation)

During tests, the samples of gases have been taken at four measuring
ports (three were located inside of mill’s chamber and one inside of
coal dust-air evacuation pipe). Their spacing is shown in Figure 6.
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Fig. 6. Spacing of the measuring points in the pulveriser system during
tests (| — pyritic chamber, 2 — space of driving out material , directly
below the grinding balls, 3 — upper space, classifier/sieve, 4 — one of
four coal dust-air mixture exhaust pipes)

To analyse chemical composition of the sampled gases a
technique of gas microchromatography ,on-line” (UGC) was used
with mikrochromatograph ,Varian GC4900”. Samples have been
taken continuously by means of the suction pump but analysis of the
chemical composition by the uGC was conducted at 5 minute intervals
consecutively from each point.

3. Discussion of the test results
Below are presented the test results.

3.1. Qualitative and quantitative analysis of gas atmosphere
in coal pulveriser — steady state operation of pulveriser

During stable continuous operation of the mill (pulveriser) the gas
samples have been taken from all sampling points (Fig. 6). At each of
them sample was taken five times. Below in table 2 are presented
averaged results of analysis of chemical makeup of the gas for the
separate fuel mixtures.

The results acquired by means of the chromatographic analysis
indicate that during stable operation of chemical composition of
the gas atmosphere, governing in all sample ports, was close to the

composition o fair.
Table 2

Average chemical composition during stable operations
of the pulveriser

Type of fuel / Average concentration of the tested compounds,
%vol.
Gas com-
o Coal + Coal+
position Coal f Coal + Coal +
oal sunflower
: sunflower | o wdust' | sawdust?
husks husks 2
Measuring
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! — tests in which the ,pairing” of the pulveriser was not used, ? — tests in which the steaming of the
pulveriser was used, > — concentrations at the level of several dozens of ppm
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During tests execution and during stable operation of the pulveriser
in cross section of the coal-air mixture evacuation pipe ( sampling point
nr 4 ) trace amounts of methane were detected for all tested fuels and
of hydrogen ( for coal and sunflower husks mixture ) concentrations of
which were at the level of several dozens ppm.

3.2. Qualitative and quantitative analysis of gas atmosphere
in coal pulveriser — Planned shutdown and its standstill

The tests of gas atmosphere in coal pulveriser during its shutdown
were conducted at two options. First option was a shutdown of the
mill according to internal CHP’s procedures with application of the
so-called steam quenching, second option did not comprise steam
quenching. Due to quick changes of parameters governing inside of
the pulveriser during process of its shutdown, gas for chromatographic
analysis was taken only from the port at coal dust — air mixture
evacuation pipe (point 4 nr 4, Fig. 6). Because of the air flow through
the mill installation the coal dust-air mixture evacuation pipe has been
regarded as a representative place at which one can determine the
composition of gas leaving the pulveriser. Analysis both qualitative and
quantitative of gas samples taken from the cross section of the coal
dust-air evacuation pipe during mill’s shutdown has show that in both
options this composition was identical with the composition of air.

After the pulveriser was shut down gas was sampled at all sampling
ports (Fig. 6) at 20 minutes intervals during a period of about 2 hours.
The purpose of this was to check whether the fuel left behind inside
of the pulveriser, after earlier drying, undergoes degasification. There
exists possibility of fuel to left behind inside of the pulveriser during its
shutdown and some of its elements can be heated up to temperature
of about 230°C.

In table 3 below results of the chromatographic analysis of gas
composition are presented for the separate coal-fuel mixtures.

The results of this analysis have proved that during the pulveriser
standstill that was shutdown according to procedures valid in CHR,
the combustible gases were not detected. When applying steaming
of the pulveriser and without it, the composition of gas atmosphere
prevailing at all ports of gas sampling was close to the composition of
ambient air.

Table 3
Chemical composition of pulveriser’s atmosphere during its shutdown
Type of fuel / Average concentration of the tested compounds,
%vol.
(Gas compo-
iti Coal + Coal+
Sl o - Coal + Coal+
oal sunflower
. sunflower | o\ dust' | sawdust?
husks husks 2
Measuring
) PI2(3 (412|341 2]3[4[1|2]|3]|4]1|2|3]|4
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— tests, in which steaming of pulveriser was not applied, ? — tests, in which steaming of pulveriser was

applied

3.3. Qualitative and quantitative analysis of gas atmosphere
in coal pulveriser — start-up of the pulveriser system

The pulveriser system was started up in accordance with
the internal CHP’s procedures. And because of the limited time
and quickly changing pulveriser’s parameters tested was only gas
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composition prevailing in cross section of the coal dust-air mixture
evacuation pipe (point nr 4, Fig. 6) — per analogy like during the
pulveriser’s shutdown.

In table 4 below results of the chromatographic analysis of gas
composition are presented for the separate coal-fuel mixtures.

Two consecutive gas samplings were made. First, after opening
of vane guide of the pulveriser’s fan (sample I) in order to enforce
insignificant air flow through the pulveriser and to check whether during
its standstill the combustible gases haven’t accumulated. Second, after
a start of the pulveriser’s fan (sample Il) in order to check if a portion
of ,fresh” air will have an impact on the behaviour of the fuel residues
(small amount of fuel could be left behind inside of the pulveriser when
it was shut down).

Table 4
Chemical composition of pulveriser’s atmosphere during its start
Type of fuel / Nr of injection into uGC / concentration of the
tested compounds, %vol.
Gas compo- Coal + Coal+
. Coal + Coal+
sition Coal sunflower | sunflower ; ,
3 z sawdust sawdust
husks husks
| 1] | || 1 ] | ] | 1]
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2 o o o o o o o
— tests, in which steaming of pulveriser was not applied, > — tests, in which steaming of pulveriser was
applied

The results of the chromatographic analyses indicated that gas
composition inside of the coal dust-air mixture evacuation pipe during
mill’s start up was close to the composition of ambient air. However
certain rule can here be observed. Namely, after the pulveriser’s fan is
switched on ( sample Il') which causes supply of large portion of air into
the pulveriser, the oxygen content rises insignificantly when compared
with atmosphere inside of it when only air dampers on the air channel
are open ( sample I').

3.4. Qualitative and Quantitative analysis of gas atmosphere
in coal pulveriser — emergency shutdown of the pulveriser
and its standstill

Similarly as in the previous states of pulveriser’s operation ( start-
up and planned shutdown ) during pulveriser’s state out of operation
the gas samples were taken only from the cross section of the coal
dust-air mixture evacuation pipe ( point nr 4, Fig. 6 ). Quantitative
and qualitative analyses of the samples taken have proved that in both,
when applying steam quenching and without it, the gas composition
was identical with that of ambient air.

The shutdown of the pulveriser was simulated by switching off
the pulveriser’s fan. As a result some fuel was left behind inside of the
pulveriser. Similarly, as during the tests of shutting down of the mill
according to the CHP’s procedure, the samples have been taken at 20
minutes intervals for about 2 hours after the pulveriser has stopped.
The samples were taken from all sampling points. The objective of
this was to check whether the fuel left inside of the mill undergoes
gasification process.

Tests were conducted by steaming the pulveriser during its
shutdown and without it.

In table 5 below results of the chromatographic analysis of gas
composition are presented for the separate coal-fuel mixtures.
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Tabela 5
Average chemical composition of gas during the mill’s emergency

shutdown
Type of fuel / Average concentration of the tested compounds,
Y%vol.
Gas compo-
t6i Coal + Coal +
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The results of the chromatographic analysis indicate that during
simulated emergency shutdown of the pulveriser chemical composition
of gas at all sampling points did not derive too much from the ambient
air composition.

4. Summary

Tests of gas atmosphere prevailing inside of the coal pulveriser and
in the coal dust-air mixture evacuation pipe were conducted during
characteristic stages of pulveriser’s operation such as: stable operation
of the mill, during planned shutdown of the mill and during its standstill
(out of operation state) (i.e. pulveriser’s fan is switched off, closed
guide vanes of the fan), during start up and during emergency shutdown
of the pulveriser and during enforced start-up of the pulveriser (filled
in with fuel).

During tests inside of the pulveriser only gas compounds were
detected that are normally present in ambient air (such as: oxygen,
nitrogen and carbon dioxide). Also, during stable operation of the
pulveriser measurements of the chemical composition in the tested
coal-dust-air mixture evacuation pipe proved that mainly air gas
compounds were present. However, when mixtures of biomass and
coal were used, it were detected negligible (trace) amounts of methane
(for wood biomass a coal mixtures) and methane with hydrogen (for
coal and sunflower husks mixture) (of the order of several dozens of

ppm).

5. Conclusion

The gas hazards derive from presence of combustible gases that
can be released under thermal destruction of the fuel, and high enough
appropriate concentrations (in air) can cause ignition and as a result
explosion.

Hazards deriving from the possibility of gases ignition in case of
common pulverising coal mixtures with biomass can occur only in
unstable conditions i.e. in emergency shutdowns, planned shutdown
and during start-up. Despite the fact that in tests during the above
mentioned states/stages of operation any combustible gas constituents
inside of the pulveriser system were not detected. As it derives from
literature data the biomass left behind on heated up elements of the
pulveriser can undergo adestruction with the production of combustible
gases [4--8]. These gases can accumulate in the non-vented spaces
of the pulveriser and, as a result a gas mixture can be created with
combustible gases concentrations close to the flammability limits (i.e.
lower explosion limit — LEL).
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Because of that, to secure safe operation of the pulveriser group,
one should observe the following guidelines:

Stabler operation of the pulveriser

*  When temperature of the mixture raises above 130°C with
insignificant gradient, then without hesitation the temperature of the
operating pulveriser should be reduced at maintained ventilation and
not allowing fort the pulveriser shutdown and possible releasing of
combustible gases from the fuel stored inside of the pulveriser

* In case of sharp increase of the temperature of the mixture (fire
inside of the pulveriser), the steam quenching installation should be
started up without hesitation.

Planned shutdown and standstill

* Time of pulverising should be extended at the minimal load of feed-
ers and at the increased ventilation. This activity should be under-
taken to blow out from the pulveriser the residues of the fuel that
could be left there (especially residues of biomass)

*  Prior to shutting down the pulveriser’s fan one should switch on
the steam quenching system for additional cleaning of inside of the
pulveriser elements from the residues of biomass

* Due to possibility of releasing of non significant amounts of com-
bustible gases from the biomass left behind inside of the mill, dur-
ing standstill the air flow through the pulveriser should be main-
tained.

Emergency shutdown

* The coal-biomass mixture left behind at the heated up elements of
the mill can cause emission of combustible gases creating thus at
some concentrations the explosion hazard, as well as it can create
another hazard, namely coal dust ignition

* Due to these potential hazards, when the pulveriser is out of op-
eration it is necessary to ventilate it intensively with cold air, the
task of which is to remove potentially created combustible gases as
well as to cool elements of the pulveriser. During cooling process
the steam quenching installation should be switched on in order
to mainly increase the moisture content of the fuel left behind in

the mill
* In case of fire the air supply to the pulveriser should be cut off, only

steam quenching installation should be on, and this installation will

create inert atmosphere and will stop accumulation of the created
combustible gases to the dangerous flammability levels

* After cooling down of the pulveriser i.e. after temperature of the
fuel-air mixture will drop below 80°C one should start to empty
the pulveriser from the fuel left behind in it

* In case when ignition of the fuel in the mill will take place, before
the emptying from the fuel starts, water should be used in addi-
tion in order to totally quench the fire in the fuel residues that can
still smoulder, since these residues still pose a hazard of explosion
when in contact with the air.

These guidelines are of a general type and observing them can for
sure improve conditions of operation of boilers that co-fire biomass
with its increased share (above 10% by weight).

However to secure maximum credibility at individual energy
systems one should suggest execution of tests/research with the scope
as described in this paper and for the most often biomass types burnt
and its share in mixture with coal.

Literature

I. Scigzko M., Zuwata )., Pronobis M.: ,Wspétspalanie biomasy i paliw al-
ternatywnych w energetyce”. ISBN 978-83-913434-3-2. Wydawnictwo
IChPW i Politechniki Slaskiej w Gliwicach.]. Scigzko M., Zuwata ., Pronobis
M.:Cofiring of biomass and alternative fuels in power sector ISBN 978-83-
913434-3-2. Publication of IChPW and Silesian Institute of technology,Gli-
wice, Poland. - In Polish

CHEMIK nr6,/2011 ¢ tom 65

2. ). Zuwata: Zagrozenia pozarowe towarzyszace spalaniu i wspotspalaniu
biomasy w energetyce. Karbo 4/2008- |. Zuwata:Fire hazards accompanying
combustion and cofiring of biomass in power sector. KARBO issue 4 from 2008
— in Polish

3. B. Moghatedri: The safety implication of low heating rate pyrolysis of coal/
biomass blends in pulverised fuel boilers. Journal of Loss Prevention in the
Process Industries 14 (2001) 161-165

4. W.Yi-min, Z. Zeng-li, L. Hai-bin, H. Fang: Low temperature pyrolysis char-
acteristics of major components of biomass. Journal of Fuel Chemistry and
Technology 2009 37 (4), 427-432

5. Wei-Hsin Chen, Po-Chih Kuo; ,,A study on torrefaction of various biomass
materials and its impact on lignocellulosic structure simulated by a thermo-
gravimetry”, Energy 35 (2010) 25802586

6. Zuwala J., Topolnicka T., Gtéd K., Kopczynski M., , Zastosowanie technik
sprzezonych TGA-MS oraz u-GC do analizy przebiegu proceséw termicz-
nego rozktadu mieszanek wegla i biomasy” Przemyst Chemiczny, (6) 2010
- Zuwata J., Topolnicka T., Gtéd K., Kopczynski M. Application of the TGA-MS
and pu-GC techniques to the analyses of processes of thermal decomposition
of coal and biomass mixtures” — in Przemysl Chemiczny ( Chemical Industry )
issue 6 from 2010 — in Polish

7. Zanzi R, Ferro D., Torres A., Soler P, Bjérnbom E., ,,Biomass torrefac-
tion”

8. Pach M., Zanzi R, Bjérnbom E., “Torrefied Biomass a Substitute for Wood
and Charcoal “, 6th Asia-Pacific International Symposium on Combustion
and Energy Utilization, 20 May 2002 — 22 May 2002, Kuala Lumpur

9. A. Pile, I. Zaborowska, ,Granice wybuchowosci palnych par i gazéw.”
Ochrona przeciwpozarowa w Przemysle Chemicznym, (3) 1971, A. Pile, I.
Zaborowska ,, Explosion ( flammability ) limits of the combustible vapours and
gases” in Fire Protection in Chemical Industry issue 3 from 1971 — in Polish

10. Poradnik fizykochemiczny, praca zbiorowa, wydanie drugie catkowicie
zmienione, Wydawnictwa Naukowo Techniczne, Warszawa 1974. Engi-
neers Physical & Chemical Guide, second edition entirely changed , Publisher
Wydawnictwa Naukowo Techniczne, WNT — in Polish

Translation into English by the Author

Marcin KOPCZYNSKI - MSc., graduated from the Department of Che-
mistry, Silesian University of Technology (2003). Since 2004, a technical engi-
neering specialist at the Institute for Chemical Processing of Coal. He specia-
lizes in issues related to the thermal conversion of solid fuels, with particular
emphasis on biomass and the effect of compounds contained therein to the
operational risks associated with its use for energy generation. He has an
extensive experience in industrial gases sampling in methods of collection of

industrial gases.

Krzysztof GLOD - MSc., graduated from the Department of Energy and
Environmental Engineering, Silesian University of Technology (2000). Since
2005, chief specialist at the Institute for Chemical Processing of Coal in Za-
brze. He specializes in the effective use of biomass and biodegradable waste in
the energy sector. He has an extensive experience in optimization of start-up
processes of energy units.

Jarostaw ZUWALA -Ph.D., Director of the Centre for Technological Re-
search of the Institute. He obtained the degree of Master of Science (1998)
and Ph.D. (2004) at the Faculty of Energy and Environmental Engineering of
Silesian University of Technology. He specializes in energy and mechanical
engineering. His research interests are energy, economy and ecology aspects
related to the combustion of fuels (coal, biomass) for energy generation espe-
cially in terms of the full life cycle prospective (LCA analysis).

* 589

science ¢ technique



