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Abstract: Modern food industry concerning meat producerslipce high amounts of bone waste. Bones repre sgget i
portion of zoo-mass waste which must be destrogedhyfgienically reasons. Bones also have long diitsabnd it is
taken long time to decomposing this material mimtalgically. We already know way to destroy thissteaby crushing
and making meat and bone meal. However, feedirtgméat-and-bone meal can cause animal diseasesudgeof that
we try to prove combustion as a suitable way taigedf this waste. Everything can be cleanseddmyés and combustion
also release energy captured in bone tissue. Tikigg can be used as heat or transformed to electiient also. But
the other side, bone burning also has its emigmioblems that this work is trying to solve.

1 Introduction

1.1 Bonewaste statistics
The bones form the supporting structure of mostdjv

creatures. The bones form a composite consistimggaofy

small lamella particles that give them immensensgiite

even at low weight. Average bones weight up to 18%

the total weight of the animal, it makes up theédest part

of waste in zoo-mass industry. Although animal deze

try to reduce the bone-to-meat ratio by breeding ot

possible to reduce the bone mass of animals witlriit

Therefore, bone waste will always make a high priogo

in zoomass. About 130 billion kg of animal boneidass Figure 1 Cattle skeleton

from pork, beef, poultry and fish is produced ikl

slaughter industry every year as a side streameiodore 1.2 Bonewaste management solutions

business. The biggest producers are India and|Brdich Bone waste, on the one hand, needs to be hygibnical

have more than 50 % of world market. and ecologically disposed of and, on the other hamdan

Bone waste can be divided according to hardness inise it for energy. Energy saved in bones can omlyded

soft and hard. Softer bones are produced by smafieds in two ways. Making meat-and-bone meal for feeding

like fish or birds and they are easier to use. fighest animals and for combustion [1,2].

proportion of bone waste forms bigger animals s&cpigs

and cattle (Figure 1)lheir bones are harder and containg.2.1  Livestock feed

a higher ratio of inorganic component it's causasel The production of meat and bone meal is verified by

calorific value. Nevertheless, they make up thgdat the long history of its production and application the

volume of bone waste without having a clear usee Thmarket. Feeding livestock on this energy, proteind

weight of bovine and pork bones is about 25% ddltot mineral-filled diet proved to be eastern and effectBut

weight of animal. One cow has 207 bones in the libdly still some, scandals such as mad cow disease Hswe a

make up the weight which is about 250 kg of hisgliei been shown. This disease is caused by feeding the

One pig has 216 bones and it is made up around) @5 k herbivores on a fleshy diet. What's mean that netrye

his weight. animal should be eat this. Some meat-and-bone fnosal
infected animals is even banned from being usddext
because it can also even cause disease to the rear
carnivores.
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Production of meat-and-bone meal also requires

milling in shredders or mills. Bone grinding isais itself

energy intensive. Exceptions are bones from pouitrg
fish, which on the one hand are very small andilrdgut

are easily digestible sources of nutrients whightmaused
again as a nutritional supplement for fish and gul
Especially regarding cattle their bones are higtalole and
hard. Their grinding is problematic and requirepemsive
technologies.

1.2.2 Incineration

For these reasons we try to proof incineration iagha
way to using this material. Incineration of boreséry old
process used by humans for centuries too (Figuréha)
combustible part contained in the bone tissue rigplsi
broken down when the ignition temperature is redche

doing so, there is an energy-saving and hygienical

suitable degradation of bone waste. However, dayts
modern age, increased emissions and related legistae

forcing us to verify the environmental aspects loé t
incineration of bone waste. Because incineratiosp al

entails certain risks, mainly associated with efoissand
quality of combustion process. Our article dealthwhe

aforementioned risks and evaluates the possibdity
burning bone waste in terms of emissions, ash obated

heat output [3,4]. We hope that our article wilbshways

to burning bones ecologically and brings clean wexide

energy to us.

Figure 2 Bone samples

2 Theoretical analysis
2.1 Chemical content of bone

Table 1 Chemical composition of a bone

Chemical eleme Ce C P

Percentage (% 39.1- 25.2¢ 17.0]
Mass (mg/kg 212.2¢ 136.8¢ 92.2¢
Content (pprr 39116° 25227¢ 17008t
H N S Othel

3.9C 3.8¢ 0.0¢ 10.7¢
39.07 38.4( 0.7¢ 58.4¢
3902 3840: 75¢ 10779:

2.2 Bonesflammability

Bone burning is a cheap and easy way to get tidoé
waste by breaking down chemical bonds in bone dissu
while releasing energy. Bone tissue is composednof
organic and an inorganic component. The organic
Fonstituent is formed by elements forming exothermi
combustion reactions known as C, H, N and S. Howeve
the increased content of elements such as sulphdir a
nitrogen have a negative impact on emissions foomat
These elements form collagen and bone lubricabbire
tissue.

Inorganic elements together with water form a Isalla
part of the bone. Evaporation of water consumes drad
thus reduces the calorific value of the bone fbet, she
can be removed by drying using waste heat [11][IB§
major problem with bone burning is formed by inanga
minerals, mainly represented by calcium and phasgho
but also by elements such as Mg, Na, K, ... Thieseents
account for up to 50% of the bone content and are
transformed directly into the ash content [8,9]m®oof
them even produce endothermic reactions such eisical
and thus consume heat. The temperature requineghtd
calcium hydroxide to calcium oxide is 1000 °C, whic
means that even this problem can be solved withd goo
cooling of the combustion chamber [10-12].

The inorganic part of the bones forms a bone aklghv
is a valuable raw material. The production of bask has
been known for long time, and records of the prtidn®f
lime from bone ash are already mentioned in thdeBib
Well-burned bones are easily broken down into @mnst
have versatile applications as production of cezaniime
plastering, cement additive or fertilization bewaus
contains a high phosphorus content [13-15].

Bone tissue is composed of two essential components

that are distributed in the bone in the right réTiable 1).
They are called organic and inorganic, and dwedlingve
an important impact on animal life. The inorganietiwn
gives the animals support and stability, and thgaoic
again supplies the bone with energy-rich nutrigsitsThe
main constituent of bone is the inorganic portionick
forms a resistant solid structure crosslinked withanic

fibres. The organic part acts as a catalyst andesau

chemical reactions with the inorganic componeidywahg
it to build or decompose. Without it, bone wouldlike an
ordinary limestone rock.

Ca;(P0O,), —» Ca0 + P,05 — 4121 kJ.mol™? 1)

CaC0; — Ca0 + €O, — 635 kJ.mol™! 2
C+ 0, > CO, + 393 kJ.mol~! 3)
N+ 0, > NO, + 626 kJ.mol* 4)
S+0, > SO, + 297 kJ. mol! (5)
=0, + Hy > Hy0 + 286 kJ.mol ™ (6)

The mentioned chemical reactions (1-6) show the
formation of final bone burning products with energ
balance.
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3 Experimental measurements share which have been caused by imperfect combustio
3.1 Determination of basic parameters bones due to insufficient oxygenation in the autiizna
Before performing the measurements, we determin&@iler as well as low temperatures in the combustio
the basic properties of bone fuel as chemical caitipa, chfamber. Emissions of CO even decr_ease perfor_rrlnfnce
moisture content, content of flammable substancdsiah boiler- We also noted a higher proportion of NOgsitns
by means of the thermogravimetric analyser LEC@U€ to N content in bones. On the other hand, the
TGA701. temperature rise in the com.bustlon c_har_nber V\{asttyre
Calorimeter LECO AC 500 was used to determin_@roportlonal to the increase in NO emissions (R}g@ﬁ_ It
gross calorimetric value and calorific value wadS More likely to burn bones at lower temperatuires
determined from the formula where we subtractedhgae COMbustion chamber. Low sulphur emission valueswer
dissipated by moisture in the fuel. probably due to the sulphur low sulphur content and
We also determined melting point of bone ashesshy aespecially by the reaction of sulphur with calcmqntent
fusion determinator LECO AF700. Pyramid sample frorf the bones. TZL values showed an increased
bone ash withstood a maximum temperature of equipméoncentration of mainly dangerous smaller spectrum
which was at 1500°C. Because of it we had to sefich Particles. But these could also be influenced bitebe
answer in other sources. We can see stability pglesh conditions in the combustion chamber.
with comparison to other samples from phytomassoash ’
figure 4. All measured bone material parameterstman oo Emissions[mgm’]  Solid particles proportion
seen in following table (Table 2).

i

Table 2 Basic bone properties )
Moisture (% 4.04 an
Volatile flammable (% 45.0¢ -
Fixed carbon (% 2.4¢
Ash (% 48.4F N
Ash melting point (°C 167( © & W
Gross calorimetric value (MJ/k 10.9: e - G a
Calorimetric value (MJ/kg 9.9¢

Figure 4 Average emission values during bone combustion

32  Daermination of performance and emission In the beginning, the burning was smooth and tliebo

output increased to 8 kW. Subsequent loss of pevesr
Bhused by the burn-out of the firing spruce wooble T
bones themselves were able to maintain averagerpmwe
only 2.5 kW. The temperature in the combustion dbem
began to decrease, and thus the performance detliee
decreased too. Although the bones continued to, Ity
eventually cooled down and died out. Bones faiteburn
completely, what caused increasing the heat loss by
mechanical unburnt fuel parts as we can see invittig
picture (Figure 5).

fireplace insert (Figure 3). During the experimemink
samples of pig and bovine bones were burned. Tightve
of one loading was 7 kg. The bones were burnedrate g
in a modified 18kW automatic boiler. Boiler prehegt
was ensured by spruce wood and bones were insagted
into the hot spruce embers. Performance of thecdevas
measured during the measurement. The followingipgst
document the burning process.

Figure3 Bone samples burning

Figure 5 Ash melting point test and imperfectly burned bones

During the experiment were measured the solid
particulate emission values as well as the gasemission
values recalculated on 10% oxygen content in thedhas.
Carbon monoxide emissions accounted for the largest
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4  Conclusion
4.1 Resultsof combustion

The results of the experiments proved that the are
not able to burn as a separate fuel in a classidl $reat
source with respect to the emission limits andgretance
parameters of the combustion equipment. Due to ki
flammable content and high ash content, they weable
to deliver the required heat output even for prdpérg
themselves. Subsequently we began to monitor ireperf

combustion that affected emissions. However, weehav

also been able to monitor the positive effect d€ioan

content on sulphur emissions that were kept loW2]

throughout the measurement and sometimes we digarit
notice any. Bone burning itself, however, provedbt®

inefficient and non-ecological. (3]

4.2 Solutionsfor combustion
There would be several solutions as choosing tit# ri

combustion plant and better fuel processing befolél

combustion. Right combustion plant relates to tightr
combustion technique and adaptation the combuptéont

to achieve optimal conditions in the combustionneber  [5]
as combustion temperature and air supply. This can

decrease emissions and can provide better perfasrain
equipment, however, when burning clean bones|listill
be necessary to provide flue gas cleaning by meéns

separators or a flue gas scrubber. For this redsoit, be  [6]

necessary to focus on bone fuel processing.
Bone fuel processing seems to be the best solfdion
its combustion. It solves main problems which isrofcal

composition, the shape and size of bones what sause
insufficient oxygenation and temperature mainterainc [7]

embers. First opportunity requires to break bomgs i
smaller pieces and mixing them witch high caloriicet
value fuels on classical grate boilers. Second dppiby

requires to mill bone waste to bone meal and tiserbone [8]

dust as additive to pellets. This solution is duéafor

automatic boilers and even solve problems with low
melting points of some biomass fuels because dh hig
melting point of bone ash which increases the divera

melting point of the mixture.
Bones can be used as an additive to fuels witlglaehi

decomposition and selection of undesirable compisnen
from process gas generated by the gasifier”.

References
[1] COSTAMAGO, S., THERY-PARISON, I., KUNTZ,

D., BON, F., MENSAN, R.:Taphonomic impact of
prolonged combustion on bones used as fuel, In:
The taphonomy of burned organic residues and
combustion features in archaeological contexts,
Proceedings of the round table, Valbonne, May 2
29 2008, pp. 169-183, 2008.

JANDACKA, J., MIKULIK, M.: Ecological Aspects

of Biomass and Fossl Fud Combustion, Zilina,

J. S. GEORG, pp. 116, 2008.

STARON, P., KOWALSKI, Z., KRUPA-ZUCZEK,
K., WZOREK, Z.: Thermal utilization of mixtures of
bone wastePolish Journal of Chemical Technology,
Vol. 12, No. 4, pp. 26-30, 2010.

ADAMOVSKY, F., OPATH, R.:Heat production by
biomass combustion, Nitra, Slovak University of
Agriculture in Nitra, pp. 149, 2013.

POSKROBKO, S.: Identification and stabilization of
combusting animal waste with active participatién o
bone material — Emission of $Gnd HCI, Fue
processing technology, Vol. 113, No. 8, pp. 20-27,
2013.

FRYDA, L., PANOPOULOQOS, K., VOURLIOTIS, P.,
PAVLIDOU, E., KAKARAS, E.: Experimental
investigation of fluidised bed co-combustion of mea
and bone meal with coals and olive bagaSse, Vol.
85, No 12-13, pp. 1685-1699, 2006.

GULYURTLU, I., BOAVIDA, D., ABELHA, P.,
LOPES, M.H., CABRITA, |.: Co-combustion of coal
and meat and bone me&lel, Vol. 84, No. 17, pp.
2137-2148, 2005.

HORAK, J., JANKOVSKA, Z., BRANC, M.,
STRAKA, F., BURYAN, P., KUBESA, P.: Problems
of Determination of Characteristic Temperatures of
Biomass Ash FusibilityChemicke Listy, Vol. 107, No.

6, pp. 502-509, 2013.

] JANDACKA, J.: Examples of Good Practice in

Biomass Heating, Zilina, pp. 80, 2009.

calorific value and possibly higher sulphur conteath as [10] JANDACKA, J., MIKULIK, M.: Technology for

coal. Fuel with a higher calorific value is ablepimvide
the temperature needed for perfect bone burningtlzad
bones are able to incorporate the necessary emssi
inhibiting minerals into the combustion processe Tinal
bone-burning product should be a brittle easilyakable
bone dust suitable for further use.

Acknowledgement [12]

This article was supported by the state grant ageftus

work has been supported by the projects APVV-153079

“Optimization of biomass combustion with low ash

melting temperature” and APVV-17-0311 “Research and
technology for the

development of zero waste

increasing energy potential of biomass, Mojs: Jozef
Bulejeik, pp. 110, 2007.

TAUS, P., TAUSOVA, M., SLOSAR, D., 3O, M.,
KOSCO, J.: Optimization of energy consumption and
cost effectiveness of modular buildings by using
renewable energy sourcesicta Montanistica
Sovaca, Vol. 20, No. 3, pp. 200-208, 2015.
CHUDIKOVA, P., TAUSOVA, M., ERDELYIOVA,

K., TAUS, P.: Potential of dendromass in Slovak
republic and its actual exploitation in thermic
economy, Potencial dendromasy SR a jeho aktualne
vyuzitie v tepelnom hospodarstvagta Montanistica
Sovaca, Vol. 15, No. special issue 2, pp. 139-145,
2010. (Original in Slovak)

~ 66 ~

Copyright © Acta Tecnologia, www.actatecnologia.eu



Acta Tecnologia - International Scientific Journal about Technologies
Volume: 5 2019 Issue: 3 Pages: 63-67 ISSN 2453-675X

ENERGY RECOVERY OF BONE WASTE AS HEAT SOURCE
Juraj Trnka; Jozef Jandacka; Michal Holub¢ik

[13] VALAN CIENE, V.: Utilization of Meat and Bone
Meal Bottom Ash in CeramicsViaterials Science,
Vol. 17, No. 1., pp. 86-92, 2011.

[14] DEYDIER, E., GUILET, R., SARDA, S,
SHARROCK, P.. Physical and chemical
characterisation of crude meat and bone meal
combustion residue: “waste or raw material?”,
Journal of Hazardous Materials, Vol. 121, No. 1-3,
pp. 141-148, 2005.

[15] SKODRAS, G., GRAMMELIS, P., BASINAS, P.:
Pyrolysis and combustion behaviour of coal-MBM
blends, Bioresource Technology, Vol 98, No 1.,
pp. 1-8, 2007.

Review process
Single-blind peer review process.

~ 67 ~

Copyright © Acta Tecnologia, www.actatecnologia.eu



