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Abstract

The structure of primary energy in Poland stilfaemed by a high position
of coal from domestic resources. The widespreadafighis fuel encourages
and facilitates “co-combustion of biomass with &oa power boilers.
Differences in the structure and behaviour durifge tpreparation and
combustion of coal and vegetable fuel are the cafisthe difficulties with
co-combustion of raw biomass in power boilers. Bas® research, the effect of
biomass characteristics on the basic parametetBeoprocess of combustion
and co-combustion of coal in a low-power boiler idevwas determined.
Changes in excess air-ratios and exhaust gas tatapes, and changes in the
concentrations of toxic components of exhaust gasesg the combustion
process were determined. The amount of heat gemeratthe boiler during
the combustion of biomass and fuel blends of bienaas coal was determined.
Controlled changes in process parameters of comobustonditions
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(co-combustion) of coal and selected types of bgsmaallow for
environmentally friendly combustion in commerciavtpower boilers.

Introduction

The use of renewable energy sources has becomssantial part of the
energy industry. This condition is imposed by thedpean Union. Poland has
committed to use 7.5% of primary energy from rerf@eaources in 2010, and
this number is to be increased to 15% by 2020. &ebecentres, where
numerous studies have been conducted, and investsmall and medium-
sized enterprises in the country and the world heaan interested in renewable
energy sources, especially biomass for many year$,[9, 12, 17, 19]. The
main direction of the use of biomass in Polandeattproduction based on the
direct combustion of the fuel in boilers.

Co-combustion is considered to be the easiest veayintrease the
production of energy from renewable sources. Thidue to the relatively low
funding for the modernization (the possibility ofing existing boilers) and
ecological benefits (reducing emissions of,SRO, and CQ) [5, 7, 9, 17, 19,
21]. Disadvantages of the use of such combusti@ canrently problems
associated with ensuring availability of biomassfisient storage of biomass,
and the uncertainty associated with the constamkea@se of biomass. Biomass
can cause environmental hazards and operationblgons in the installation
[3, 4,9, 15, 19].

In Poland, the co-combustion of biomass and sokddl i practically carried
out on an industrial scale in most power plantslpl], This process includes a
variety of fuel configurations (different speciesprimary fuels and biomass)
and technological configurations (grate boilersstduoilers and fluid boilers).
The research [1, 10, 11, 14, 17, 21] shows thatrtbgt common fuel is carbon
co-combusted with wooden biomass (sawdust, woops¢hdust), biogas and
waste from animal and vegetable production (rakbagasse, chicory coffee
bagasse, and bone meal, etc...) According to tt@esy biomass, depending on
the type, is characterized primarily by a relagvieigh humidity (35-50%) and
low calorific value (6—20 MJ/kg) as compared toaemtional fuels parameters.

“Small energetics” (individual heating, small inthigl and municipal
boilers) having a significant share of the totaligsions of the environment,
remains in the "grey zone" because of the laclegtilation of the interference
in the use of technology to ensure compliance withission standards for
combustion processes. The share of small energetitee process of energy
production is estimated at 20-30% in the countf},[2nd, because of the poor
condition of the operated installation, the sestahare of total emissions is
much higher. Despite the dynamic development of dbiestruction of small
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solid fuel boilers, devices are still operated witw efficiency and high
emission rates.

1. Aim of the work

The aim of the work was to recognise the effecbiofnass properties on
the basic parameters of the processes of combuatidnco-combustion with
coal in low power boilers.

2. Realisation

The presented experiments involved the power psieg®f fuel mixtures
prepared of waste materials derived from the fowtls$try (cherry processing
waste and sunflower oil pulp) and of coal.

The selected materials were subjected to laboratsis to evaluate their
properties such as fuel ash content, calorificeyethe fuel elemental (C, H, N, S).

The essential parts of the work were conducted t@stastand that included
a low-power boiler unit adapted to burning coal.

In the course of experiments conducted with theénwdt parameters of
boiler operation, the temperatures inside the fcerend thermal performance of
the device were controlled. Observed factors wdre temperature and
composition of the gases emitted into the atmospher

3. Test stand

The basic element of the test stand was a low pewergy device designed
to burn solid fuels, mainly coal.

The stand used a universal boiler type KJ-WD, witinermal output of 15
kw, from PPHU “PIECBUD".

The stand is equipped with a system for measurimgj ecording the
temperature in the combustion chamber and in theauwst system. The
combustion chamber has a system of three slidimgpéeature sensors (special
sleeves in the water jacket) with heat-resistantards with K-type
thermocouples and temperature recorder type KDufaatured by Kobold.

A combustion chamber of the boiler is equipped wéhsystem for
measuring the amount of air supplied to the comtmisT o measure the amount
of air used, the Hoffer turbine (probe RPR-51S H&gd flow laminators and
mass flow rate computers (Masstrol ST2L10P from KEPor the analysis of
the exhaust gas, a microprocessor analyser (GAw&) [ used from Madura.
To measure the concentrations of hydrocarbon an2W&-analyser from
Hermann was used. The stand is equipped with a&rsysdbr measuring and
recording the energy output of the boiler duringnbastion. Measurements of
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the energy of the boiler were performed with anctetmic energy meter
(PolluTerm) from SENSUS, which registers the enafjiieating medium (GJ)
and the momentary power (kW).

4. Test results

Before the tests, the fuel properties were assestating with determining
the basic chemical composition of the materialslusdhe study. The results of
elemental composition tests of prepared fuel coitipas are shown in Table 1.

Table 1. The composition of elements in testedsfuel

Element concentration
Type of fuel [%]
Coal Hydrogen Oxygen Nitrogen Sulphur
Coal (“Eco-grain”) 75.74 5.35 6.7 1.49 0.69
Cherry processing waste 43.5 6.4 43.7 0.70 0.14
Sunflower pulp 45.2 5.1 38.1 0.15 0.11

From the materials listed above, the fuel mixtunese prepared, which
were used for further tests. Table 2 shows thechaaiameters of the tested
fuels.

Table 2. The basic parameters of the tested fuels

Parameter
Type of fuel Humidity | Ash | Fly particles Calorific value
[%] [MJ/kg]
Coal (“Eco-grain”) 6.37 7.25 32.3 28.5
Cherry processing waste 7.3 1.33 80.8 17.1
Sunflower pulp 8.1 4.32 72.7 16.1

Figs. 1 to 8 presents the results of the combustiofuels derived from
food processing waste (cherry processing wastd|osuar oil pulp). Figure 1
shows the change in the excess air ratiduring the combustion of selected
fuels. The presented data indicates that this patemfluctuated around the
value 2. In all cases, the combustion of fuelshef process a small change of
the excess air ratio was observed in the peridc2Ddb 100 minutes. Coal in the
same time period required changes\of2.2, cherry processing waste~2.0,
sunflower oil pulph ~1.8. This time period can be for all test casmssitlered
to be the primary process of laminar combustionictviis the stabilisation of
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changes of excess air ratio and the temperatutheofprocess. The biggest
change of the excess air ratio was found in alesasf combustion at the
beginning and end of the process. The beginning mmpid combustion of
vaporized fly particles of fuel with the simultansopropagation of flame in a
large mass of fuel on the grate. The smallest aharfigg was found for cherry
processing waste (from 3.9 to 1.9). The end ofdbmbustion process is the
inhibition of oxidation by combustion products ofiet primary process.
Combustion in this period requires the smallesingea of\ for sunflower oil
pulp and cherry processing waste (from 2.0 to 48 4.7), and the largest
changes were required for coal (from 2.2 to 5.9).

There was a momentary slight change ofihie a few cases (involving a
mixture of 50, 25 and 15% of the cherry processiragte and sunflower oil
pulp), resulting from changes in the compositiontioé instantaneous fuel
blends, due to differences in their density. Desflie very good mixing of the
components before the tests, their partial separaticcurred during fuel
delivery, which results in an erratic operatiortted furnace. No indication was
observed that the composition of fuel mixtures ba grate furnace burned
directly affect the value of the excess air ratip (
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Fig. 1. Variation of excess air ratio during contirs of coal, cherry processing waste and
sunflower oil pulp

In whole combustion process, the average excesatiaiiwas greatest for coal,
Aavc= 3.03, and smallest for cherry processing wagtgr= 2.28 (see Fig. 8).

Figure 2 presents the changes of the exhaust gasetature measured
in the exhaust pipe. During the tests, the tempesavaried in the range
150-350°C, taking the most common values in thegeanf 200-330°C.
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Comparing the obtained data with the values ofetteess air ratio)j, it can be
concluded that increasing the exhaust temperateiceedses the coefficieit
and, conversely, the exhaust gas temperature decigabserved as an increase
of excess air ratio. It follows that with constamount of fuel dispensed into
the combustion the factor that effects the coedfitih. and exhaust gas
temperature may be the amount (portion) of fuellmasted at any given time on
the grate of the furnace.

In all performed fuel combustion processes, it wlserved (following the
sharp increases of exhaust gas temperatures ipetfianing — the combustion
of evaporated fly particles) that the speed of ékbaust gas temperature rise
was slowed (locally reduction of the temperaturehaf process) in relation to
the takeover of power by the fuel bed on the goafernace.

The lowest average exhaust gas temperature in timewcombustion
process (see Fig. 9) was observed for sunflowepulpp, Tav sp = 187°C, the
largest for coal “eco-grain”, Tav ¢ = 256°C.
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Fig. 2. Variation of temperature of exhaust gasasnd combustion of coal, cherry processing
waste and sunflower oil pulp

Figure 3 presents a comparison of the energy vakmsived by the heat
installation during combustion tests of coal ores&dd types of biomass, and
Figs. 4 and 5 present the energy obtained duringpbastion of fuel mixtures of
coal and biomass.
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Fig. 3. The amount of heat energy generated irsyiséem of boiler during combustion of coal,
cherry processing waste and sunflower oil pulp

The presented data shows that, during the combusfithe same mass of
fuel in similar conditions of the thermal proced® energy produced increases
with the decrease in the share of biomass in cotetusiel blend from 41.09
MJ for fuel with 100% sunflower oil pulp (50.81 Mdr cherry processing
waste) to 72.58 MJ for fuel composed of 100% carbon
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Fig. 4. The amount of generated energy in the baileing combustion of mixtures of cherry
processing waste and coal

It has been found that the energy obtained fromctirabustion of cherry
processing waste, compared to the energy obtamed the combustion of coal
is 10% greater than the result from the comparidfocalorific values of these
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two fuels. The uniform, regular, spherical partisiee of bulk cherry processing
waste (greater surface in contact with air) makes grocess of combustion
increase the thermal efficiency of the boiler. Thenbustion of fuel mixtures of
coal and cherry processing waste (50, 25, and 1886llIts in energy
comparatively close to the ratio of calorific vaduaf these mixtures.

80
72,58

~
o

60,24

57.34

D
o

54,44

a
o
L

41,09

w
o
L

Received energy [MJ]
3 S

[N
o
L

o

100%SOP  15%SOP+ 85%C 25%SOP+75%C 50%SOP+50%C 100%C (coal)
(sunflower oil

pulp) Type of fuel

Fig. 5. The amount of generated energy in the bdileing combustion of mixtures of sunflower
oil pulp and coal

Tables 3 and 4 show the comparison of the calovdice and the energy
generated during the combustion of the differentieti@s of mixtures of
biomass with coal. Only for the case of the combusof pure sunflower oil
pulp was the obtained energy close to the raticatdrific values sunflower oil
pulp and coal. For other cases of the combustiomixtures, the thermal
efficiency of boiler was decreased.

Table 3. Calorific value and obtained energy for bastion of mixtures of cherry processing
waste and coal

Mixture composition Calorific Received

[%] value ener Wpip/WcoaI Epip/ Ecoal
W [%] [%]
Cherry processing [MJ/kg] [MJ]
Coal
waste

100 0 17.1 50.81 60 70
50 50 23.1 58.06 81 80
25 75 25.8 65.32 91 90
15 85 26.8 67.5 94 93

0 100 28.5 72.58
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Table 4. Calorific value and obtained energy for bastion of mixtures of cherry processing
waste and coal

Mixture composition Calorific Received
[%] value energy Wpng/Wcoal Epng/Ecoal
Sunflower oil Coal [MJ/kg] [MJ] [%] [%]
pulp
100 0 16.1 41.09 56 55
50 50 22.6 54.44 79 75
25 75 25.6 57.34 89 79
15 85 26.7 60.24 93 83
0 100 28.5 72.58

Figures 6-8 present the concentration of toxic gaseombustion products
for the analysed types of biomass and coal.

Figure 6 shows the changes in the concentratiaradifon monoxide in the
exhaust gas. The presented data shows that, iimitle# stage of combustion,
the temperature rise in the furnace caused a dexirdhe concentration of CO
from about 1600 ppm for coal to about 800 ppm ie fthmain, laminar
combustion stage. For cherry processing waste anflosver oil pulp, the
concentrations were 1300-1600 ppm in the beginaimy500-600 ppm during
laminar stage.

Probably the primary factor affecting the valuet& carbon monoxide
concentration was a momentary temperature of thewabte. The low
temperature of about 200—400°C in the initial pgrimused that the oxidation
process of steam-gas produced in the furnace pledewith relatively low
yield. The temperature increase to a level 700-O0firing the laminar stage
meant that a substantial part of gases produceccorabusted. The reason for
the observed temperature rises in the later peviasl the energy derived from
the combustion of previously emitted carbon monexadd hydrocarbons.

Analysis of the results of the effect of the exceds supplied to the
combustion of coal and biomass on the concentratibrcarbon monoxide
confirm the fact resulting from the analysis of tbembustion process that
increasing the value of the excess air ratio ugualiresponds with the decrease
of the carbon monoxide concentration in the exhgast

In addition, analysis of the results of the effefttemperature in the
combustion zone on the concentration of carbon wideo resulting in co-
combusted of the blends, confirms the fact resulfiom the analysis of the
combustion process of fuel components that an @se&rein combustion
temperature causes a decrease in the concentdtiG® in the exhaust gas.
The reduction in CO emissions was observed fothedl tested mixtures at a
constant load and constant excess air ratio supfgighe combustion chamber.
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During combustion, the lowest mean CO concentratimere found for
cherry processing waste — 661 ppm, and the lamgastfound for coal — 1013
ppm (see Fig. 8).

The increase in the percentage of biomass in auneixtith coal resulted in
a proportional decrease (cherry processing wastefjosver oil pulp) of the
concentration of carbon monoxide in the exhaust gas
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Fig. 6. Variation of carbon monoxide concentratiorexhaust gases during combustion of coal,
cherry processing waste and sunflower oil pulp

Analysis of the results of the effect of temperatur the combustion zone
on the concentration of nitrogen oxides formed myrthe combustion of
biomass and coal indicates that the increase irbustion temperature causes
an increase in the total concentration of nitrogeides NOXx in the exhaust gas.

In the combustion of coal, NOx held the largestratat the high values of
oxide concentrations in fuels, both because ofatheunt of elemental nitrogen
in fuel (1.49%) and because of the relatively heghess air ratioh(~2.2) in the
main laminar combustion stage. The thermal oxid@sng combustion only
occurred at high temperatures (above 700°C).

The result of combustion of cherry processing wastas the formation of
the lowest values of average concentrations of XD ., , = 103 ppm — see
Fig. 8) in the whole process, mainly thermal oxjdesen though the fuel
contained 4 times the amount of elemental nitragan the sunflower oil pulp.
In this case, the lowest average excess air katig = 2.28 and low average
temperature of combustion (exhaust gas temperdtyge, = 202°C) had the
dominant role.
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Fig. 7. Variation of nitrogen oxides concentrationexhaust gases during combustion of coal,
cherry processing waste and sunflower oil pulp
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Fig. 8. Average values of changes of excess #@, rexhaust gas temperature, carbon monoxide
concentration, nitrogen oxides concentration arphsur dioxides in exhaust gases during
combustion of coal, cherry processing waste anfi@auer oil pulp

The results of nitrogen oxide emissions duringdbmbustion of coal and
biomass blends, as expected, show an increase woticentrations of NQlue
to the increase in the percentage of carbon imlgred during co-combustion of
cherry processing waste and sunflower oil pulp.

Analysis of the results of the effect of the tygewel on the concentration
of SO, formed in the combustion process leads to the lasimn that the
emission of sulphur dioxide in the exhaust gas &niy dependent on the
elemental content of elemental sulphur in fueltetks
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During the study of combustion of coal, cherry meging waste and
sunflower oil pulp the S©Oconcentration was found to be proportional to the
sulphur content in the fuel.

Generally, it can be said that the increase imp#teentage of biomass with
coal mixtures reduces $@missions during combustion.

Conclusions

e Changes in process parameters, for both the combhusinditions, as well
as the co-combustion of coal and certain typedarhlss and its impact on
emissions of pollutions (CO, NOSG), support the conclusion that the
increase in the value of these parameters imprtheegjuality of thermal
conversion process of the materials by reducing dbecentrations of
certain pollutants; however, at the same time gimedity of the combustion
process is reduced due to other pollutants.

* Anincrease in combustion temperature — as an @mkgmt variable parameter
— improves combustion, reducing the concentratfaradon monoxide, but at
the same time increases the emission of sulphuiddicand nitrogen oxides
NO,. The increase in the oxygen supplied with thet@ithe combustion
chamber caused a significant reduction in the adraton of carbon monoxide
and sulphur dioxide, while increase in concentnaticof NQ. These
relationships were observed for all tested fuels.

* Analysis of the energy properties of mixtures afbca and selected types
of biomass showed that the high calorific valueb@mass allows the
participation of dry biomass in the mixture up @&

 An ecological method of combustion and co-combustfthe assumed
maximum thermal efficiency) of selected types afrbass is to control the
oxidation process by changing the excess air fatespecially in the initial
period of rapid increases in temperature (combnstb evaporated fly
particles). The intensity of oxidation during thieriod determines the
nature of the combustion in the main part of tmeitear combustion.

* A change in the excess air ratio during this pesbduld not be larger than
Apup <0.4/min Ay, <0.2/min, which reduces the increase rate of, MO
eNOx pup<14.5 ppm/min and eNQ,, <10.4 ppm/min. The intensity of the
oxidation of CO shows a satisfactory level of gG© 48 ppm/min and
eCQy> 55 ppm/min.

* Inlaminar combustion, the excess air ratio shdaldnaintained at the level
of A ~2.0 for cherry waste arid~1.8 for sunflower pulp.

Scientific work executed within the Strategic Peogme “Innovative
Systems of Technical Support for Sustainable Dpusdat of Economy” within
Innovative Economy Operational Programme
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Metoda ekologicznego spalania odpadéw organicznyet komercyjnym
kotle matej mocy

Stowa kluczowe

Biomasa, spalanie biomasy, sprawtenergetyczna i ekologiczna.

Streszczenie

Struktue energii pierwotnej w Polsce va¢i ksztattuje wysoka pozycjaegla
z zasobow krajowych. Powszechne stosowanie te@wapaprzyja i utatwia tzw.
wspotspalanie biomasy zg¢glem w kottach energetycznych. &ae w budowie
i zachowaniu podczas przygotowania oraz spalag@glaw paliwa rélinnego g
przyczyry pojawiagcych s¢ trudnaci eksploatacyjnych przy wspoétspalaniu surowej
biomasy w kottach energetycznych. Na podstawie poomeadzonych bada
okreslono wplyw wigciwosci biomasy na przebieg podstawowych parametrow
procesu jej spalania i wspoétspalania gglem kamiennym w ugdzeniu kottowym
matej mocy. Okrdono zmiany wspoéiczynnika nadmiaru powietrza, zmian
temperatur gazow spalinowych, zmianyzat toksycznych sktadnikéw spalin
w trakcie procesow spalania. Ustalonosdlo energii cieplnej wytworzonej
w instalacji kotlowej w trakcie spalania biomasyieszanin paliwowych biomasy
z weglem kamiennym. Kontrolowane zmiany parametrow @sowych warunkow
spalania (wspédtspalania) ¢gla i wybranych rodzajéw biomasy pozwalapa
ekologiczne prowadzenie procesow spalania w konmerdy kottach matej mocy.





